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ABSTRACT

This document constitutes the user's guide and software documentation
for the Algorithm Simulation Test and Evaluation Program (ASTEP) as of
15 May 1974.

ASTEP is a modular computer program developed by TRW Systems for JSC
for the purpose of testing and evaluating methods of processing remotely
sensed multispectral scanner earth resources data. ASTEP is writtin in
FORTRAND V on the UNIVAC 1110 under the EXEC 8 operating system and may be
operated in either a batch or interactive mode. The program currently
contains over one hundred subroutines consisting of data classification
and display algorithms, statistical analysis algorithms, utility support
routines, and feature selection capability.

The current program can accept data in LARSC1, LARSCZ, ERTS, and
Universal formats. The program can output processed image or data tapes

in Universal format.
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1. INTRODUCTION

This report presents the user's guide and the software documentation
for the Algorithm Simulation Test and Evaluation Program (ASTEP). The func-
tion of ASTEP is to serve as a tool to perform experiments with multispectral
scanner data. The purpose of these experiments is to gain understanding of
the problems associated with processing multispectral earth resources data
and to test and evaluate processing algorithms. The major emphasis is to
examine the statistical properties of the data and their impact upon class-
ification algorithms. Examples of the experiments of this type include the
following investigations:

a) Determining quantitatively the variation in spectral
signatures for a given situation.

b) Determining if there are patterns in the signature
variations - either spectrally or spatially.

c) Determining the statistical homogeneity of typical
ground truth sites.

d) Determining if the statistical assumptions required
for maximum likelihood processing of typical areas
are satisfied.

e) Evaluating the performance of various clustering
techniques.

f) Comparing the performance of clustering and maximum
1ikelihood algorithms.
The ultimate purpose of experiments of this type is the development of new
processing ideas and algorithms. The program is highly modular; therefore
new processing routines may be added with minimal restructuring of the program.

A general overview of ASTEP is presented in Section 2. Section 3 gives
the option descriptions. For each option and suboption, this section pre-
sents (a) its usage, {b) a test case, {(c) the engineering description,
and (d) the flow charts. Section 4 gives the subroutine purposes and depen-
dencies. The JSC EXEC 8 system control cards required to execute ASTEP are
listed in Section 5. Section 6 presents several complete illustrative ASTEP
runs. Section 7 provides references for the various algorithms,
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ASTEP is an evolving tool for the analysis of multispectral data. This
user's guide describes the program as it currently exists. As new capability
is added, it is the intent to conform to the general input rules and user
cueing methods discussed in Section 2.2. The user's guide itself is modular
and will be updated as required.

While ASTEP may be used in either a batch or an interactive mode, the
inputs are designed to be convenient for the interactive mode , since the
interactive mode is more appropriate for experimental analysis. When ASTEP
is executed in the batch mode, inputs must be selected prior to execution
and the user does have the benefit of the input prompters, supplied in the
interactive mode, to aid in organizing his inputé.
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2. ASTEP OVERVIEW

This section presents an overview of ASTEP. Its overall structure,
options, layout, operational status, and general input rules are discussed.

2.1 OVERALL STRUCTURE

ASTEP consists of two basic parts: a driver and a set of applications
modules. The program uses a set of data files that depend upon the parti-
cular applications modules selected by the user. The driver serves several
functions. It is the holder of the common storage areas and transfers con-
trol to the appropriate applications module. Section 2.3 gives a brief
description of each of the applications modules or options in the program.

Since the last program user's guide (User's Guide and Software Documen-
tation for ASTEP, April 16, 1973), a number of new capabilities have been
added to the program. A brief description of these new capabilities is
given in Section 2.4.

ASTEP uses a number of data files for temporary and/or permanent stor-
age. The assignment of the physical device (tape or disc) for the files is
handled via the operating system control cards. Figure 2.1 gives a schematic
representation of the use of these files. For convenience, all the files
are shown by a tape symbol in Figure 2.1. Also, not all the possible inter-
connections and options are shown.

In general, the major communication between various application options
in the program is via the unit which contains the reformatted data (DATUNT),
the unit which contains - or will contain - the corresponding image array
(IMGUNT), and the signature files (ISIGF1 and ISIGF2). A1l of the classi-
fication procedures act upon the reformatted data with the appropriate al-
gorithm and generate the corresponding image array or map. The statistical
modules act upon subsets of the data base defined by the appropriate charac-
ters in the image array and generate the requested statistics. The purpose
of the signature files is to save, for later retrieval, spectral signature
data.

2.2 GENERAL INPUT RULES

Upon execution of ASTEP, the user is required to select the desired
print control for the run from ECHO or NOECHO. Selection of ECHO will cause
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the user's inputs to be printed out as they are read by the program. This
print option will cause the output from batch runs to closely resemble
the output from interactive runs. Selection of NOECHO will cause the
user inputs to be suppressed and would normally be used in interactive
(demand) runs where user inputs are typed in and do not nead to we seen

a second time,

The options and suboptions of ASTEP are selected by the appropriate
Hollerith name, for example the commands DATDEF, ADPCLU, etc. defined in
Section 2.3. Those options which require parameter values to be specified
have namelist inputs. The general form of the namelist input is

NAMEXX - option name

$INNAME - namelist name consist of first four letters of
option name plus the prefix IN
Upon completing the namelist reading the program will print out all of the
numerical values in the namelist. At this point the user will have a
choice whether to accept the values displayed or whether to change them,
The program will require the user to input a YES if the values are to be

accepted. Any other response will cause the program to re-read the namelist
inputs and to repeat the cycle.

[n addition, several options require file numbers and class descriptions
to be entered. These are entered as Hollerith characters.

In the interactive or terminal mode when the program is waiting for an
input, it will inform the user. A sufficient cue is given so that the user

is made aware of the choices at that point or the parameters that need to
be specified. These same cues are printed out in the batched mode, but in
that case the user of course must anticipate the requests.

2.3 OPERATIONAL STATUS

Each of the operations or modules listed below exists within the current
ASTEP. The program executes in both the batched and demand terminal modes.
The program inputs and outputs for the batched and terminal executions are

identical, with the possible exception of the ASTEP print options noted
previously.
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o DATA CLASSIFICATION AND DISPLAY ALGORITHMS

Iterative Clustering (ITRCLU), An unsupervised classification procedure
based upon an iterative clustering algorithm. Multiple passes through

the data are required.

Adaptive Clustering (ADPCLU), A fast clustering algorithm which may be
used as a starter for iterative clustering or as a separate classification/

data analysis procedure.

Quantization (QUANTZ), Generates a grey scale type map via quantization
of a single data channel. Intensity intervals are assigned unique

characters.

Maximum Likelihood (MAXLIK}, Data classification via the maximum likeli-

hood aTgorithm.

Images (IMAGES), Displays character maps or images developed by all
image generating options - for example iterative clustering, adaptive
clustering, etc. A thresholding capability fer display is available.

Difference Images (DIFIMG), Differences two images - pixel by pixel -

to produce a third image. The differencing rules or symbol equivalences
are interactively defined by user,

Training Field (TRNFLD), Classifies each field with a class number equal
to the field number. The usual use of TRNFLD is to define training fields

for signature computation to be used with maximum likelihood classifi-
cation.

o DATA STATISTICAL ANALYSIS

Factor Analysis (FACTOR), Computes statistics - mean vector and covar-

jance matrix ~ of data subset, cluster, or unions of clusters. Deter-
mines eigenvalues and ejgenvectors of the covariance matrix.

Histogram (HSGRAM), Computes and displays a one, two, or three dimen-
sional histogram of the data subset, cluster, or unions of clusters.

Edit Signature (EDTSIG), Spectral signature - means and covariances -

file utility routines. Allows user to save, retrieve, display, analyze,
input, add, etc., the mean and covariance matrix data.
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Compare (COMPAR}, Compares regions in the data space occupied by various
data subsets.

FEATURE SELECTION

Feature Selection (FEATSL), Allows user to analyze the feature selec-
tion problem. Determines best linear transformation to reduce the

dimension of data to be processed - usually via the maximum likelihood
option - or the best channel subset. The linear transformation may be
applied in the TRNSFM option. Generates and displays the separability-

to-be-gained map.

UTILITY OPTIONS

Data Definition (DATDEF), Allows user to define data subset from raw
data tape to be processed as described subsequently by user. Multiple

fields and channel subsets may be selected (LARSC1, LARSC2, ERTS, or
Universal format data).

Initialize Header {INTHDR), Allows user to restart with data subset

defined by a previous use of data definition. Data subsets which can be
processed by the ASTEP options may be saved and then Initialize Header
is used to restart.

Units (UNITS), Allows user to change any of the unit assignments used
by the program.

Copy Data (CPYDAT), Used to extract a subset of an entire packed data
set for input to the DATDEF option. Copies a subset of the packed raw
data tape onto a disk file on tape. This is a user convenience option
which may be used to operate from a file rather than a tape.

Tape Dump (DUMP), This option allows the user to print out contents of

selected portions of packed data tapes in an integer form for interpre-
tation by the user.

Universal Write (UVWRIT}, This option provides the capability to con-

vert data (multispectral data or processed image data) from internal
ASTEP format to Universal format and to write the data on tape or file.
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Transform (TRNSFM), FEnables the user to scale, translate, and transform
multispectral data in ASTEP format. For example, it can be used in con-
junction with the DATDEF and FEATSL options to reduce the original data
channels to the "best" subset of channels or the "best" linear combina-
tions of channels (best for maximum 1ikelihood classification of the
data).

o PROGRAM INFORMATION OPTIONS

News (WEWS), Used to inform the user of any changes or modifications
to the program.

Update News (UPNEWS), This option allows the user to create or update
informatjon in the WNews file.

2.4 HEW ASTEP CAPABILITIES ADDED SINCE PREVIQUS USER'S GUIDE

Since the last user's guide, a number of new capabilities have been
added to ASTEP. Some changes were made to improve the overall efficiency
of the program and will be transparent to the user. Other changes will be
apparent to the user. These are changes in inputs to ASTEP options and
new options.

Since the last user's guide, the options NEWS, UPNEWS, TRNSFM, TRNFLD,
DUMP, and UVWRIT have been added. The DATDEF option has been modified to
read Universal formatted tapes. The IMAGES option has been compietely
changed to include the suboptions STATUS, THRESH, SYMBOL, ALLCLS, ECHCLS,
SUBSET, BORDER, and INSIDE. The ASTEP print options ECHO and NOECHO have
been added. An error recovery capability has been added to prevent the
program from terminating when errors are made in the namelist input.
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3. OPTION DESCRIPTION

This section contains an engineering description and a usage descrip-
tion of each of the options and suboptions of ASTEP. Each of the major
options is presented separately and is identified by its Hollerith code.
They are presented in the following order:

DATDEF - Data definition
ADPCLU - Adaptive clustering
COMPAR - Compare

CPYDAT - Copy data

DIFIMG - Difference images
DUMP - Dump tape

EDTSIG - Edit signature
FACTOR - Factor analysis
FEATSL - Feature selection
HSGRAM - Histogram

IMAGES - Images

INTHDR - Initialize header
ITRCLU - Iterative clustering
MAXLIK - Maximum Tikelihood
NEWS - News

QUANTZ - Quantize

TRNFLD - Training field
TRNSFM - Transform

UNITS -~ Units

UPNEWS - Update news

UVWRIT - Universal write
QUIT Quit

Each subsection begins with a description of the use of the option and
a sample case. The sample cases were run in the batch mode with the ECHQ
option. Thus, the user's namelist inputs are not shown in the samples, but
the namelist values used by the program are printed. Following each sample
is an engineering description and flow chart of the option and any suboptions.
o
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Any flow charts for subroutines which are common to several options are
included in Section 4.

Each option js called by ASTEP when its code name is input, as shown
in the following flow chart.
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Using the DATDEF Option

The DATDEF option performs the following five basic functions:

1) Reads data in one of several formats

2) Selects a subset of the data to be processed based on user inputs
) Optionally scales and translates the data subset

4) Changes the data subset format to ASTEP internal format

5) Writes the data subset on a file for ASTEP processing.

The DATDEF option takes the raw packed data from tape or disk file,
unpacks and processes selected portions of it, and writes these portions onto
a tape or disk file for subsequent ASTEP options to read. DATDEF is usually
the first option executed, but may be bypassed if the unpacked data tape is
mounted on, or the disk file assigned to, the unit corresponding to DATUNT
and the INTHDR option is executed. The user may determine up to 10 selected
data portions by specifying the scan 1ine and pixel field 1imits. The user
also selects the channels from which data is to be included.

The data may be translated and scaled using:

Yygy = A+ B Y

NE 0LD (1)
where YOLD is the raw pixel value, YNEN the translated and scaled pixel value,
and A and B are scalar constants. This feature is intended to facilitate the
inversion of data whose magnitudes are inversely related to the magnitudes

of the observation values.

The packed observation data may be in one of four formats indicated
by the value of ITPFMT. Table 1 provides a schematic representation of the
data portion of each record assuming M pixels per channel and N channels in
each record.

Any packed data tape or file of one of the specified formats may be
used as the source tape. It must be mounted on the physical unit correspond-
ing to the value of OBSUNT. The particular characteristics of three specific
tapes, i.e., record sizes, error record numbers and sizes, etc., are pre-
stored and are available within the DATDEF option {see Table 2). The set of
tape characteristics used is determined by the value of ITPNO input by the
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user, If ITPNO is input with a value less than or equal to zero, the user
must input the values of all these characteristics. If ITPNO is input equal
to 5, the program assumes that the packed data tape input was generated by
the CPYDAT option. The data tape characteristics and size of its data sub-
set are printed, The user should check the scan lines of his data fields
to be sure that they lie within the data region on tape.

. The input sequence to the DATDEF option is as follows. First the
namelist $INDATD is input:

$INDATD
NFIELD - Number of data fields to be specified, a maximum of 10
ITPFMT - Input data tape format indicator (see Table 1)
ITPNG - Input data tape characteristic indicator,
<0 implies that all characteristics must-be input
and it is required to input values for constants
A and B
= 1,2, or 3 implies that one of the sets of prestored charac-
teristics will be used, see Table 2. The input
of values for constants A or B is optional.
=4 not used
=5 implies that the packed input data tape read was
generated by the CPYDAT option. K{(24), ITPFMT,
A, and B are read from tape and user inputs are

ignored.
> 5 illegal, program stops
K - Desired channel numbers, a maximum of 24 are permitted

- Translational scalar offset constant (see Table 2 for default
values and equation (1})
B - Scaling constant (see Table 2 for default values and
equation (1))

IDEVCE - NTRAN device error suppression flag
=0 implies no error suppression, default value
0 implies that all NTRAN device error codes encountered

while reading OBSUNT will be ignored. This value
should be used if the record length of the input
tape is not an integral multiple of computer words.
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At this point the user may respond with YES to indicate that the printed
input values are what is desired or NO and input the $INDATD namelist again.

A value of 5 for ITPNO implies that the unpacked data set to be pro-
cessed is to be read from a tape or file (designated DATUNT) which was pre-
viously generated by the CPYDAT option. The values of the variables ITPFMT,
NWRN, NWR1, LEAD, MAXJ, MAXK, A, B, and the starting scan line number are
read from the header record of this tape and override any user input values.
The values of these quantities and the range of scan line numbers on this tape
or file are printed to emphasize to the user that these variables now have
new values and the size of the data region., If the user has input scan line
designations that fall outside those on the input data region, the program
sets the values of the scan lines to be extracted to the nearest scan line
number that is in the data region, prints a warning message, and continues
processing.

It should be noted that under the present system if records are read
from a data tape which are not an even number of 36 bit computer words long,
a frame count error is generated. This frame count error is reflected in a
device error code -3 being returned from the system routine NTRAN. Without
using a different input/output system there is no way to differentiate be-
tween a legitimate device error and a frame count error. So the user is allowed
to suppress NTRAN device errors, by. inputting IDEVCE # 0, when it is known
that the input data tape will cause frame count errors. However, all device
errors on the input data tape will be ignored and the following message 1is
printed to make sure the user is aware of this fact: THE USER HAS REQUESTED
THAT ALL NTRAN DEYICE ERRORS ON UNIT nn BE SUPPRESSED, where nn is the physical
unit number of the input data tape.

Next the field data is required. The entire sequence of fields is input
and then the user is asked if the values are acceptable. If the user indicates
that the values are not acceptable, he will be asked the number of the data
field to be changed. After inputting all of the values for that field, he is
asked the number of the next data field to be changed. After he has changed
all of the data fields desired, he will enter the data field number zero.

This terminates the data reading mode. A summary of all input data for all
fields is printed, and the user is again asked if it is acceptable. When
several data fields are input, the default values for each field are the
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parameter values input for the previous field. The data for each field is
specified by the namelist $INFLDD whose definition follows:

Starting scan line number

of scan Tines after ISTART to be considered, equal
total number of scans considered minus 1
of scan lines to be skipped between accepted scans.

The ISTART scan is always accepted,

of the first pixel requested from each scan
of pixels after JSTART to be considered, equal to the

total number of pixels considered minus 1.

$INFLDD

[START -

TINC - Number
to the

ISKIP - Number

JSTART - Number

JINC - Number

JSKIP - Number

JSTART

of pixels to be skipped between accepted pixels. The
pixel is always accepted.

At this point, the user is asked if the values in $INFLDD are accept-

able. A response of NO allows the user to change any or all of the values in

the namelist. A response of YES continues execution.

Next, the value

of ITPNO is checked. If it is less than or equal to

zero, the characteristics of the particular input data tape mounted on unit
DATUNT must be supplied, They are input under namelist $SPTAPE,

of words in the valid data record
of words in the first record
of words in the first error record (record will be

read and ignored

$SPTAPE

NWRN - Number
NWRT - Number
NWER1 - Number
NERR1 - Number
NWERZ - Number
NWERRZ - Number
NWER3 - Number
NERR3 - Number
LEAD - Number

record
MAXJ - Number

MAXK - Number

of first error record

of words in the second error record

of second error record

of words in the third error record

of third error record

of bits to be ignored at the beginning of each data

of pixels per channel on each scan line
of channels per pixel on each scan line

A - Translation coefficient (see equation (1))
B - Scaling coefficient (see equation (1))
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The input is summarized by the program and the user is asked if it is
acceptable. A response of NO will allow the user to change any or all of
the values in $SPTAPE. A response of YES continues execution.

This completes the required user inputs. The program then unpacks
the MSS data and writes it in ASTEP internal format, unpacked and refor-
matted on the data unit (DATUNT).

This output data tape or file of unpacked and processed data is written
using the system subroutine NTRAN and therefore under the constraints of the
EXEC 8 operating system may not be read using any other method during the
execution of this program. The data is processed in the sense that it may
have been translated, scaled, or transformed from the raw form. This tape
or file format is compatible with all other program options requiring it as
input through the use of the RETDAT subroutine.

Tape Header Record Fixed record length of
846-36 bit computer words

Data set record pair Data header record has
(i.e., the header a fixed length of 10-36
record plus a data _ bit words.

record containing
as many scan lines
of data as the core
buffer will allow)

Processed data record
contains the actual pro-
cessed data values and

the Tength of this record
is equal to the number of
words calculated by multi-
plying together the first
two numbers in the data

Lm\\\\j/’///xyf"'\“J header record
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The tape header record has the following contents. The first 166 words
of this record are identical with the contents of the variables in the
/JHEADER/ common block:

NFIELD - Number of data fields

K{24) - Number of the data fields extracted

[TPFMT - Input tape format indicator

ISTARD(10) - Starting scan line numbers for each data field

ISKIPD(10) - The number of scan lines skipped between successive ones
for each field

IINCD(10) - One less than the total number of scan lines considered
for each data field

JSTARD(10) - The starting pixel number used for each field

JSKIPD(10) - The number of skipped pixels between successive pixels
for each field

JINCD(10) - One less than the total number of pixels per scan line
for each field

NRPF(10) - Number of data record pairs per data field

NPXPS{10) - Number of pixels per scan for each data field

IBUF1 -

IBUF2 - These are indices of the scratch array BUF of the common
block BUFFER calculated in such a way that there is enough
room for the temporary storage of unpacked, processed
data between the start of the array and BUF(IBUF1). Also
there must be enough room between BUF(IBUF1) and BUF(IBUF2),
and between BUF(IBUF2) and BUF(NBUFSZ) to store at least

) one unpacked data record in each area.

NBUFSZ - The total number of cells of scratch storage available
in array BUF for the DATDEF option,

ND - The total number of valid data channels.

NRT - The total number of output data record pairs for all
data fields,

SPARE(25) - Extra storage for future expansion

The remaining words of the 846 word header are a copy of the UCCT header
described in detail in Reference 1. If the packed data input is not in
the UCCT format these cells will be zero.

The data header record is always ten words long. The value in the
first word is the number of pixels in the record. The second word is the

number of data channels. The other eight words are set to zero and left
for future use.
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The actual data values are stored in the second record of this pair.
This record contains a number of processed pixel values, one per word, equal
to the product of the first two numbers in the data header record. These
pixel values are stored "pixelwise", that is, the first pixel value for each

channel followed by the second pixel value for each channel, continuing until
the total number of reguired pixels is reached.
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Table 1. Data Portion of Record Format

ITPFMT  Type

1 LARS1 Pixel 1, o1 2 2 3, 23 ... M, M

Channel 1,2.3, NN 1,2, N 1,2, N oL 1,2, N

Z LARSZ2 Pixel 1,2,3, M 1,2, M 1,2, M. 1,2, M
Channel 1, .1 2, e 3, »3 ... N, N

3* ERTS  Pixel 1,2, 1,2, 1,2, 1,2, 3,4, 3,4,...., M-1, M, M-1, M
Channel 1,1, 2,2, 3,3, 4,4, 1,1, 2.2,...., 3, 3,4, 4

4*% UCCT  Pixel 1,2,3, M 1,2, M 1,2, M ... 1,2, oM
Channel 1, I .2 3, .3 ... N, N

*  This format assumes four channels

** The detailed description of this format can be found in section 6,
volume II of Reference 1. While Reference 1 does describe two formats,
one, where all pixel values are given for one channel at a time, and a
second, where the values of each pixel are given for all channels, one
pixel at a time, only the former type is recommended. This is the
format implemented in ASTEP.
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Table 2. Input Data Tape Characteristics for ITPNO Values

Definition

Number of words in each valid
Number of words in the first, ID.,

Number of words in the first error
record, the contents of the record
Number of the first error record

Number of words in the second
error record

Number of the second error record

Number of words in the third error
Number of the third error record
Number of bits to be ignored at
the beginning of each data record
Number of pixels per channel in
Number of channels of data in each

Translational offset constant, see

Scaling constant, see equation (1)

Required to be 4

Name
NWRN

data record
NWR1

record
NWER1

are ignored
NERR1
NWER?
NERRZ
NWER3

record
NERR3
LEAD
MAXJ

a scan line
MaXK

scan line
A

equation (1)
B
* -
+ -
N.R. - Not required
I" -

DATDEF-9

ITPNOQ Values

Computed from data in the first record

1
609

32

32
N.R

12

This is the second record and is treated as an error record

|ro

720

178

32

N.R.

|

139



Table 3. Warning and Error Messages

A NOT INPUT
A SET TO O AND B SET TO 1

'A' must be input for ITPHO < 0. Processing continues.

B NOT INPUT
A SET TO O AND B SET TO 1

'N' must be input for ITPHO < O. Processing continues.

DUPLICATE CHANNEL SELECTED - ONE CHANNEL DELETED
The user has specified one channel twice in K. The duplicate channel
is deleted and processing continues.

ERROR eee ON CPYDAT TAPE
The NTRAN error 'eee' occurred while trying to read the header record
from the packed data input tape on unit DATUNT which was previously
generated by the CPYDAT option. The program stops.

ERROR eee ON UNIT iii RECORD rrrr
NTRAN error, 'eee', has occurred while trying to write record, 'rrrr',
on DATUNT whose physical unit number is 'iii'. Execution is stopped.

ERROR READING FIRST RECORD, NTRAN ERROR CODE = eeee
An NTRAN error, 'eeee', has occurred while trying to read the first
record of the packed data tape, OBSUNT. Execution is stopped.

INPUT FIELD (4ii1) IS GREATER THAN NFIELD (3jjj)
In attempting to correct data field input the user has supplied a field
humber, 'iiii', larger than the total number of fields, 'jjj'. The
user is requested to input the data field number he wishes to correct
again.

INPUT VALUES FOR A AND B IGNORED FOR ITPNO = 5.
This message reminds the user that when reading a packed data input tape
generated by the CPYDAT option (i.e., implied by ITPNO = 5) the constants

A and B input are overridden by values stored in the tape header record.
Processing continues.,
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Table 3. Yarning and Error Messages (Continued)

ITPNO VALUE (iii) IS TOO LARGE
The ITPNO value, 'iji', has no meaning for values greater than 5.
The program stops.

NBUFSZ = nnnnnn IS TOO SMALL TO READ THE UNIVERSAL TAPE HEADER RECORD -
ABORT RUN

The buffer size supplied to the DATDEF option, 'nnnannn', is too small.
This variable is set in the main program ASTEPX. The program stops.

NO CHANNELS SELECTED
No values of K have been input, the user is again asked for namelist
input under $INDATD.

NTRAN ERROR eeee ON UNIT 3jii PROCESSING SCAN LINE 11111
The NTRAN error, ‘eeee', occurred while reading OBSUNT physical unit,
'iii', scan line number '11111°',

NUMBER OF PIXELS FOR FIELD nnn TIMES THE NUMBER OF CHANNELS kkk IS GREATER
THAN THE BUFFER SIZE ssssss

The buffer is divided into three parts. The basic increment is the
maximum number of words in a normal record, NWRN, and the total buffer
size divided by the number of channels desired plus two. This incre-
ment provides a buffer large enough to read a standard record. Two
parts are used for the image and distance data or the buffered scan
lines for each field of the raw data. The remaining part is used to
store unpacked data by scan line. At least one scan line must be able
to reside in the last part. If this is not possible, the above message
is written with the size of the buffer for this data and execution is
stopped.

THE USER HAS REQUESTED THAT ALL NTRAN DEVICE ERRORS ON UNIT iiii BE SUPPRESSED
llhen the user expects frame count errors on the packed data input tape,
OBSUNT unit number, iiii, he can suppress these NTRAN errors, but rot
without suppressing the sensing of all device errors. The user is
reminded of this fact by this message; processing continues.
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Table 3. Warning and Error Messages (Continued)

TAPE
When reading an input tape or file generated by the CPYDAT option the

was too large and was reduced to the number of the last scan line on the

tape or file 'jjjjj'. Execution continues.

CPYDAT TAPE
While reading an input tape or file generated by the CPYDAT option the

was too small and was increased to the number of the first scan 1ine on the

.....

tape or file 'jjjji'. Execution continues.

CPYDAT TAPE
While reading an input tape or file generated by CPYDAT option the

number of the last requested scan was reduced to the number of the Tast scan
on the tape or file.
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DATDEF OPTION
SAMPLES OF INPUT AND CORRESPONDING OUTPUT:

SAMPLE 1: Two fields of data are read from the standard input unit (DATUNT).

ENTER ASTEP 23PTInN 3] TYPE A BLANK
>DATIEF

JAIDEF OPTINM

IzRES=zaCxSg=s

SINDATY NFIFLODs ITPFMT, JTPNOs &y B g» INDEVCE

NFIELD 2 ITpeMy 1 1IPNOD & A «0 A 1+0 IDFEVCE
CHANNELS SELECTED, 9 11 12

TYPE YES IF INPUTS 4K 0K

>YES

SINFLDD 1START L ISKIP,LINCYJSTART, 4sKip,JINC

INPUT 1 FIELD DaATA

INPUT 2 FIELD DaTA

FIELD TSTART 18KIP LINC JSTART Jsgl® JINC

I 10 | ) 74 0y 3
2 3n 1 5 74 3 3
TYPE yES IF 1¥pPUTS 4RE Ok
>YES
THE 0pT]ON DATNEF REWYIRED »5242 SECONDS 0F CPU TIME.

- - -
- A E e T T, T R e W e T e W D R S A T e, B
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SAMPLE 2. The observation data is read from a file written using the CPYDAT
option; this is specified by setting ITPNO to 5. In addition, Channel 4 is
specified twice in K. A warning statement is printed to indicate that a dupli-
cate channel number has been deleted. The user makes an error on the first
field in this example and therefore indicates that these data are not correct.
The user then enters the number of the field to be changed and the correct

data for that field. When all the field data is correct, the user responds
zero and YES to indicate that the data is correct. It is noted that this

error example is shown in the batch mode, where in reality it would actually
occur only in the interactive mode. It is shown here to familiarize the
user with the sequence of instructions under these circumstances.

ENTER ASTEP OJPTION 0@ TYPE A BLANK
»DATHEF

DATUEF DpTIox

S Y Y A Y i1 L]

SINIATD  NFTELD) ITPFMT, (TPwDy Ay By xs DEVCE
DUPLICATe CHANMNEL SELECTEL-DONE CHANNE, DELETED,.
NFTELD 3 ITPFMT 1 ITpND S & +o0 B en lDEVCE at

CHANNELs SELE¢TED, t o @®
TYyPE YES IF INPUTS ARE 0K
>YES -
TApE GENERATED BY (CpyDAT gN yNIT 5
ITPFuT ] STARTING LINE 795 FIwnal Lling az5 .
NMRY LD NaAR| 2n |LEAD 32 MAxJ 222 MAXK 12 a 255,0 B=1.0
FINFLDD ISTART,ISKIP,WIINCYyJUSTART,ySkiP,JINC
INPUT | FIELD LATa
InNPUT 2 FIELD DATR
TuP Y J FIELD ATy
FIELD ISTARYT ISKIP [INC JSTART USKIP JyAC

| aon as 20 5an 0 59
2 800 2 20 461 n 59
L} BOO 2 20 400 | 1 19

TYPE YES IF INPUTS ARE nK
>ND

TYPE NUMBER OF FTE|D TO BE CHANGEDe ZERD TERMINATES SCANe
> 1

SINFLDD ISTART,,ISKIPWIINCyUSTART, USKIP,JINC
INPUT ] FIELD DATA

TypE NUMBER OF FIELD TO BF CHANGEDe ZERD TERMIMATES SCANs
> 9
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FIELD ISTART IsklIP IT1NC JsTaRT UsklIP Jjig

1 Ba9 a 20 400 n 59
2 A10 0 a1 4éb) 0 LY
k| 8040 9 20 ks 1 1 1%

TYPE YES IF INPUTS RwE nx
>Yg5s
THE 0PT12ON DATDEF REJUIRED 13292 SECOMDS OF cpu TIME,

Ll I Rl il B e R Bl I I I T Al Rl R e T
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SAMPLE 3. This example showé how the user may input the specific character-
jstics of the observation data tape or file that has been mounted for this
particular data extraction. ITPNO is set to -1 and the values are entered
using namelist $SPTAPE.

ENTYER ASTEP DPTIJON 02 TYPE A B AnK
>DATHEF

DATOEF QpTInH

LR - B R RN B

S1y2aTDd  NFLELD, [TRFMT, [TPN0, A, B8, <1 10EVCE

A NOT 1¥puUT.

A SET T2 O AND 8 SET T3 |,
NFIELD 5 ITerFMT I 1Tpdn =1 e A fon IDEVCE A
CHANNELS SELECTED, 1 8 1] 12

TYyPE YES IF INPUTS arE ux

PYES

SINFLDD ISTART,ISKIP, FIMNC JSTART, uskla,Jyuc

INPUT I FIELD DATA
INPUT 2 FI1ELD DAT,
INPJIT 3 FIELD DAT:
INPUT 4 FIELD DATa

INPUT & FIELD DATA
FIELD ISTART IggIP 11%C JsTaaT ggelp gtuc

1 10 1 39 1] ] 49
2 19 1 a9 kR 2 49
k] 12 2 39 ay n 59
] 200 | 279 30 0 59
5 5100 1 199 50 G 59

TYyPE y£3 IF INpuTS ARE oy

>YES

SSPTAPE NARNINARLIINLERI yNERRIINYFERZ)yWERR2 yNNERZINERR]
LEAD s MAXJsMAXK A3

STANDARD DATA RECZORD LENGTH &NY
ERROR RECORD ®ee LENGTH
1 32
3 £10
y a
) 1]
LEAD 32 MAaxXd 222 MaAXK 12 ¢ 63,00 A =1.00
TYPE YES 1F INPJUTS ARE Dx
>YES
THE DPTIOY DAYZEF REGUIRED Bed4584 SECONDS OF CPy TIME,

EEmEpEemeRaRrleRTR o ARt AR TR TR o PR L AR m Rt RS TS, men, TR e
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SAMPLE 4. This is an example of data extraction from an observation tape

written in ERTS format as indicated when ITPNO is set to 3.

ENTER ASTER® DPTION 3R Ty®f A BLANK
DATDEF

JATREF D

cpSsSzs==

F1NDATD NFLIELD TTPFMT, (TPa0s A&y By ¥ INEVCEF

NFIELD 1 ITePFMT 3 1Tpwd 3 & «0 3 lery IDFVCE
CHANNELg SELECTED, | 2 3 4

TYRPE YES 1F INPUTS wPE 0X

>YES

SINFLDD [ISTART,LISKIPyIINC 1 JSTART, ys5klp,dInC
INPUT 1 FIELD DATA
F1ELn 1START IsxIP JINC JgsTaaT gsklIv giNC

1 1790 1 80 130 } P40

TYyrE yES IF INPUTS ARE 0Ok
>YES

THE OpTION DATDEF REWJIRED 1D=4954 SECONDY OF Cpyu TiwMmE,

T gy o e g TN o TR L e e D R YT gy T TN, ER g m T W e, T o
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SAMPLE 5. An example of data extraction from an observation tape written in
Universal Computer Compatible format as indicated by ITPNO being set to 4.

ENTER ASTEP OPTION DR TYPE A BraNK
>DATOEF

DATODEF OpTinvN

- - .
EpES¥ppoomESgS2g=

S1vIATD NFIELDs ITPF«T, [TPNDy Ay, Hy £ [NEVCE
NFIELD 2 LTpFuT 4 ITPND 3 & o B larg 1DEVYCE n
{AANNELs SELECTED, 1 2 1 4
TYPE YES IF INPUTS aRrE NK
>YES
SIMFLOD [START ,ISKIP,,IINCJSTART qusKIP, JINC
INPJT 1 FIELD DATA
INPJUT 2 FIELD DATa
FIELD ISTART ISKIP [INC JSTART Jsx1IP JiNC

| 5 a 7 | 0 5
2 5 3 9 29% 0 5
TyPE yES IF 138puTS ARE 0K
>YES
NUMIER aF SUBFRAME STATUs RITS BFEING JSED I5 n

UNIVERSAL HEADER KgCORD

LR L PN I B R I )

START Np OF
BYTE BYTES BESCRIPTION

1 32 COMPUTING SYSTEM 1D .
33 20 TAPE |_IB8RARY D .
53 8 SENSOR ID 5192
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6] 3 DATE OF TAPE GENERATION DD MM yY » 4 10 73

b4 l TAPF SEQUENLCE ID . i

65 2 MISSIDN NJUMBER . 94

67 Z SiTe * 47

b9 l LINE . 0

70 ] RUN . 0

7 2 DRBYT » a8

73 8 TIME oF FIRST SCAN DD MM vy * 245 211 42
HH 44 855 Mg » 8] n ]

B 8 CHAMNNELS ALTIVE .

11lIDG?QDDQQJUGU0DODDﬂaG9“”DDUﬂ5DOUﬂUDDDHHDDUQQDDDnHOD“GDUnDnDnU

89 ! PROCESSING FLAG . ]
0 1 MO« CHANNELS O THTS TAPE . i
71 1 NOw OF BITS/PiXEL » 8
92 2 FIRST VIRED RPIAEL «“iTHIN SCaAN . n
94 2 FIRST CALs ELEMENT XITH[H SCAN » 0
L 2 HOe PYKELS/SCAN/CMHANIEYL . ann
?8 2 MO CALIBe/sSCAN/CHANMEL  (AREA 1) » 0
100 2 PHYSICAL FRECNED SIYE I BYTES . 1060
o2 1 NDe CHANWELS/PHYSICAL RpCQRD . 0
103 1 DHYS, RECORDS/SCAN/CHANKNEL ) 0
I 1 HDe RECORNS Tn A DaTh 51 * l
105 2 ANCILLARY DATa LENMGTH N BYTES - 316
107 i UATA ORDER INDICATUR ) n
108 2 S5TART PIXE| ™MUMBER . 2501
110 ) STOP PIXFL NIUMBER " 2799
112 512 COEFFS+EXPLe AQmEN=a]l=f] *
a 3 n 4]
0 n n 9]
d l 0 D
) a 0 n
b24 64 COLOR CODE N=MmA,1=2R,285, 35 .
n
n
n
0
688 hH SCALE FACTrR »
n
0
o]
0
752 | DFFSET CONSTANT . 0
753 1 ~0ORD RIZE OF GENERATING CDOMPUTER @ ]
1778 ! N3 OF DATA SETS/PuYSICaL RECORD . 1
1779 2 START DF SECOND CALIBs AREA - 0
17R1¢ 2 WQe CALe ELEe IN SECOND CApL« ARFA » |
17823 | FIRST CAL+ SOURCE 1NDICATOR * n
1783 | SECOND CAL, SOURCE IMDICATOR . 0
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178y 1 FILL 7EROS *nDoNANNN

1785 2 NOs CHANNELS IN FIRST RgCORD bt 4

1787 2 SYTES/SCAN/CHANNEYL . 300

17r% 2 PIXEL SKIP FACTDR L] 257

179! 2 SCAn SKIP FACTOR . 264

2759 1 N THOUSAND SCAN LINES PFR FRAME . ]

2790 3 ALTITUOE In METFRS A 0

27913 2 GROUND SPEED [N METERS pER SECOND n

2795 1 SCAN TYPE «LINEAR 0R Sw00THED " n

2794 [ ANGLE OF ARC IN NDEGRREES . N

2797 i CAHMERA no= 70 mwu, l = & [NCH L N

2798 1 INPUT DEve 0 2 9Tk, 1t * WDT . Qg

2799 i TRUNCATION D=lD, tek], 2=x0 ) 0

2RNN ] CHANMNELS RFRUESTEND: .

Jo004239000700000000220000GHDR0N0ATNAGRINN0NANDO0R000NNOGHO00Lan NG

280R | PRICESSING MODE  2=SER. 1=pnNC, . 0

2R | COLOR J=NO COLOR,18ASS N, 2=FALS5E » N

2875 1 IMAGE FORMT * ™

274 i REPEAT OF pIYFLS PER SeaN A 0

ZR77 1 REPEAT UF SCAy * 0

2878 i PARTIAL SCAN = fFR0m PIXEL %D * g]
- Te PlxfpL NDw - 0

Zan? 2 SCAnm RATE IN sSCaNg PER gECnMD ] n

2905 2 ANGLE UF DRIFT s ,000

28pP4 1 PIXelL SIJ7E . o)

ENUMGER

KarrT 2 8

LFPV = +1

NPy = +300

NC = +Y

LaDA = +316

NgpQ = +1

NRPS s +1]

NCFR = + 4

NCPQ = +0

NRPC = +[]

SEND

#RITc 24D »0RDS ON UNIT 4

NRITE 240 wORDS ON UNIT 4

THE OpPTI0OM DJATDEF REWUIRED 3¢2392 SECONDS OF CPu TIxg,

EmEEmtpacsssme eSS L s s T AR L Ay T A E N T, A, S a ™ e mm
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DATDEF ENGINEERING DESCRIPTION

DATDEF does not require an engineering description - see functional
flow diagram.
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ENTER WITH

SEE THE TEXT AND
SUBROUTLNE DATOEF
‘LD’ COMMENTS FOR
A COMPLETE L1ST OF
THE 1NPUT VARIABLES

YSER CUE AND READ
GENERAL DATA EXTRAC-
TION INPUT

1. PRINT USER CUE

2. READ $INDATD
NAMELIST

3. PRINT CUE FOR
POSSIBLE INPUT
ACCEPTANCE

TAPE HEADER
RECORD ON
DATUNT

15
INPUT TAPE
A CPYDAT
GENERATED TAPE
?

[NFORMATTON
FROM OBSUHT

O,

RINT ALL
F1ELD DATA
TNPUT

Ly 15
ALL FIELD
DATA CORRECT
7

CORRECT DATA
FOR CHE FIELD

SHOULD
DATA FOR

USER CUE AND READ
SPECIFICATIONS FOR
THIS DATA FIELD

1. PRINT USER CUE

2. READ SINFLDD
HAMELLST

HAS
UATA FOR
ALL FIELDS
BEEN ?READ

ANQTHER FIELD
BE CORRECTED
?

SHOULD
SPECIAL RAW

DATA SET
CHARACTERISTICS
BE INPUT
T

YES

USER CUE AND READ
RAW DATA
CHARACTERISTICS

1. PRINT USER CUE
2. READ 1SPTAPE
NAMELIST

3. CUE USER FOR
POSSIBLE INPUT
ACCEPTANCE

READ HEADER
RECORD, AND
REWIND
AGAIN

YES
5 INPUT
TAPE A CPYDAT YES
GENERATED
TAPE
?
[0}
NO
.
REWIND
RAW DATA
TAPE,
DBSUNT

B2
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READ
RAW DATA
FROM
OBSUNT

EXTRACT ALL REQUIRED
PIXELS AND SCAIl LINES
FOR OIE DATA FIELD.
SCALE AID TRANSLATE
DATA 1F REQUIRED

WRITE
UNPACKED
DATA FOR
THIS FIELD
ONTO
DATUNT

REWIND
RAW DATA
TAPE
OBSUNT

HAVE

ALL DATA

FIELDS BEEN

PROCESSED
?

REWIND
INPUT AND
QUTPUT TAPES
OBSUNT AND
DATUNT

EXIT WITH

THE RESULTS ARE ALL
VARIABLES IN THE
/HEADER/ AND /UNCOM/
COMMON BLOCKS AND THE
UNPACKED DATA TAPE,
DATUNT

DATDEF 2 of 2
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Using the ADPCLU Option

Upon entering ADPCLU the user must define values for the parameters

c = threshold used in merging of clusters, units of the
data

S = threshold used in grouping the data into strips,
units of the data

RP = first threshold used in the priority search for
assigning a strip to a cluster mean,units of the
data

R1,R2 = second thresholds, 1st and 2nd data passes respectively,
used in the priority search for assigning a strip to a
cluster mean or to the unassigned category, units of the data

NYMMAX = maximum number of clusters to be allowed (<20)

NPT = frequency for updating cluster priority list

NET = frequency for performing small cluster elimination
tests

NMT = frequency for performing cluster merger tests

NMIN = population threshold for eliminating small
clusters. The values of NET and NVMMAX should be considered
in setting the value of NMIN.

Ip = print control flag, if =0 no print during
clustering process, if # 0 print merger and
elimination messages.

The default values for these parameters are

€ = 16.
S=1.

RP = 8.
R1 = 18.
R2 = 24,
NVMMAX = 20
NPT = 100
NET = 500
NMT = 100
NMIN = 1
IP=0
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The user then must define the cluster mean and weights initialization
procedure. The options are

ZERO - all values 0, this has the effect of forcing the first
cluster mean to be 0 which causes the first data vector
to start a cluster in slot number two.

OLD - use means and weights from last previous clustering
{either ADPCLU or ITRCLU} results. For example, if
one exits ADPCLU, calls IMAGES and then reenters
ADPCLU, the previous means and weights remain available.
One may continue to sequence through the clustering
options and image display with the previous results
available to restart via OLD.

NEW - allows user to input starting values or to change any
of the current values. The parameters are

NVM
NVG = weight for each cluster

number of clusters

VM = cluster means, one-dimensional array
of number of channels x NVM values
representing a matrix of mean vectors
input by columns.

Upon completion of the clustering a run summary id displayed. This
output is a description of the clusters formed. It lists the cluster number,
assigns a symbol to those points in the cluster, describes the size, gives
the statistics (mean and sigma) of the points from the cluster center, and
gives the L1 distances between the vector used as a center to form the
cluster and the mean vector of the resulting cluster.

The user then must select one of the suboptions, MEANS, SIGMAS, ANGDIS,
or QUIT. MEANS, SIGMAS, and ANGDIS are for output only and require no in-
put parameters. QUIT returns control to ASTEP.

The MEANS suboption displays an m x n array where m is the number of
data channels and n is the number of clusters. The columns are the mean
vectors for the clusters formed during the 2nd pass.

The SIGMAS suboption displays an m x n array of the individual sigmas
for each channel and cluster. The columns are the channel sigmas for the
clusters formed. These are based upon the second pass assignments.
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The output of the ANGDIS suboption is an n x n array. The diagonal of
this array will be zero. Angles (in degrees) between a pair of mean vectors
are given above the diagonal. The distances (given in channel units) between
the vectors are given below the diagonal. An L1 distance measure is used.

The algorithm uses the first cluster (symbol A) in a special way. It
always contains the unassigned cluster which consists of all points which
could not be assigned to any other cluster. Depending upon the use of the
OLD and NEW initialization procedures the first cluster may also represent
a valid cluster, i.e., if OLD or NEW resulted in a non-zero mean vector for
the first cluster. In this case the first cluster will contain both the un-
assigned points and the points resulting from the starting mean. In general,
this situation should be avoided but it causes no real problems as 1) the
mean vector is not computed or updated for the unassigned points and ii) the
thresholding in IMAGES will always delete the unassigned hoints.
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ADPCLU OPTION
SAMPLE INPUT AND CORRESPONDING OUTPUT:

ENTER ASTEP OPTION OR TYPE A BLANK
»RoPCELY— - —— - ' T T T s

ADPCLU OPTION

SINADPL CosoRp.Rl:HZanuMAx-NP?-NET.NHT NHIN!IP
- w-s—t—n-m Ftﬂkm* TR ———— e i w th ——r e - —— - T e —m——— . —— e e ————————— e A b

c » +18000000E+N2
AN S I 4045 de 0200001 4 o B S e
RP s «15000000E+n2
R1 " +30000N00E+N2
R OOBOBBENNE o T e e
NVYMMAX = +20
NP e e g G = e e .
NET L] +500
NMY T s T #1680
NMINM = +5
1P - 1 — —
—SEND—
TYPE YES IF INPUTS 0K
T PYES - R T e
CHOOSE VALUES FOR INITIALIZATION FROM )
—TERO—OLD—NEW
SNEW
“EININTT VMR Ny G NYH e e -
NVM = & NVG = 1 1 ) 1 1 1
ME AN 3 q—"BT & "
| 2 3 Y 5 5
1 B5,685 74,7237 8a,4R8 B3e5R4 79,988 89,0914
‘——2——“Ti*—03*“~—“ﬁ?—&tt————?#—*9T*_-—35“?U3““““?ﬂ“T*%‘*_TTY*T”i
3 125.,37¢ 56,0217 T4, 446 61+162 96,903 107.142
DT TS BO 34— B3PS T4 T 85,971 —
—rYPEvES P INPUTSARE CORREC TV
>YES .
CLUSTER —S—wEIGHT ——— L EUIMINATED JPT > 500 Ry = 6~~~
CLUSTER 5 WEIGHT 1 ELIMINATED: JPT = 500 NVM m 5
TCLUSTER— S5 wEtreut— — 2B INATED v P T = IOt D NV e — B —— -
CLUSTER & §ETGRHT 3 ELIMINATEDy JPT = 1000 NVM = 7
TEEUSTER s wE et Sttt grTw —Ho0D NV e e
CLUSTER 7 wEIGNT | ELIMINATED, JPT = 1500 NVM = 8
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CLUSTER -SymaOL- SIZE R MEAN R SigwWA DIFF
| A 28 14419 5,71 22,58
T T2 T/ YY1, 18 ‘5,38 L1007
3 c H2b 8.02 4,45 29
Ty T TR T [Re T2 T TBR8E T T .o T T
5 £ 153 924 4,33 W82
e g3, 28— R B E 1.29 S
, 7 G 82 .18 3,29 .39
rHOOSENPTION FROM——— — — = - oo e : - e
MEANS SIGMAS ANGDIS qQuiIT
EMEANS e e o e - e
MEANS 4 BY 7
4 S S _— - g o .
1 - BaBNR- 44693 88,521 B¥BaZ 79,928 - - B¥,852-
2 119.759 82,811 74,519 B5,976 100,222 1104772
T3 T AR o o SAONY T TR MR - s 1282 - o489 — 107ve18
4 84,101 1tn%?,757 Bn,427 81138 77,47 84,848
s B} il T
e — PP BT o e o - - - - -
2 92.878

— YOy OIT ———— e

4 &8 .474

~CHOOSE- BPTHON—FROM— e s e

MEANS  SIGMAS ANGDIS QuiT
~>SI1GMAS. — e R — -
STGMAS 4 8Y 7
e} z R S et - SN —

b 20238 R4 3,898 3,345 - -y ,2b3 - 25F0b--
2 30.033 1+435 12951 2+118 2,96 44297
¥ 2 e PR - 23754 T Tz b N - 3566F - B4
4 21,207 7.8%n 1,502 54733 31,424 3,445
-y S e
e - T e e s
2 2443
— 3 — -3yt P2 H [ - _
4 J.1%0
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¢HOOKE OPTION FROM
e MEANS—— & LEMAS—ANGDFS—— QYT - s s e e -
>ANGDIS
[ e NG'B'I'S"— . ?“B’* ""T s i e ean e ea s
1 2 3 4 5 &

1 o000 20,186 11.0164 14¢333 3,33 2.447
——2 128 eSe—— 000 1N I0e T OSSN Sy 8y —
3 80,807 73,2135 «000 3.Bps 8,304 8.723
Y-S P 4 bt 5B 27 078 — oot TerY— t2507s
g 47,549 %8,348 42,319 4De079 » 000D Is189
k21— 112889 SR 85y — &y i¥ - 2FZTS T sun0
7 734446 90,461 37,915 52394 25,897 55,172

L : ~

—_ - l___ P %142.6..1__ T et e _— i e e e mmn eem ma s smmeaae imen e n s
2 18.894
q--- ——F B - - - Smem e mmeo s e s - e i ————
4 11008
____.5_ ———— .‘_2,._39.&_.; e e s e e tmwr e s 4e A i e rmae R me—————— e e rt % e re—m—— ot f e —
& 3,377
e O _'_Baﬂ U - VI N

- rHADEE—OPTION -FROM—— - — - - -
MEANS SIGMAS ANGDIS QuiIT
-—» AT e
THE OpTI10ON ADPCLU REQUIRED

3.7904 SECONDS OF cpuU TIME,

PP L T PR R R R RN Y Py ey Y Y T LN T TR NN RS Y SR
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ADPCLU ENGINEERING DESCRIPTION

The adaptive clustering algorithm, ADPCLU, adaptively forms the cluster
means with one pass through the data. A second pass through the data is used
to generate the classification map. The adaptive mean computation employs
local cluster or strip formulation, sequential search for strip assignment,
periodic merging of similar clusters, and deletion of small clusters. The
second pass through the data employs the strip formulation and sequential
search through the clusters. Tests are made to determine when it is time to
update the priority ranking of clusters, to merge clusters, and to delete
clusters. The frequencies for performing these operations are input as sys-
tem parameters. The tests for performing these operations are exercised only
after the formation of a data strip has been completed. The details of these
features are discussed below.

Strip Formulation.- If

v, ()

S

the ith component of the jth vector to be assigned

n

strip refinement parameter
then, the local group or strip is defined by the vectors Vj+£, £ =0, 1,...,L,

where L is the last & for which

[Vj(i) - Vj+2(i)| <5

is valid for all i. After generating the Tocal subgroup, its mean and weight
are computed.

Sequential Search.- If

RP } Strip assignment threshold parameters

R
The sequential search computes the L1 distance between the mean of the local
subgroup and each of the cluster means. The search terminates whenever this
distance is less than RP. The order of searching the cluster means is in the
order of their populations. Three outcomes are possibie:

1. The subgroup is assigned to the first cluster for which the
distance is less than RP.
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2. The subgroup is assigned to the nearest cluster when the
distance to the nearest cluster is greater than RP but
less than R.

3. The subgroup is used to begin a new cluster; that is, the
distance to the nearest cluster is greater than R.
The value of R=R1 for the first pass through the data and R=R2 for the
second pass through the data.

After assignment of the strip - cases 1 and 2 - the mean and population
countare updated.

An update to the ranking of the populations of the clusters occurs after
NPT (system parameter) points have been clustered or after a merging or elim-
ination of clusters has been performed. The counter NPC is then reset to
zero and the clusters are not ranked again until NPC z NPT or until after
another cluster merging or elimination operation has been performed.

Cluster Merging.-

The cluster merging process operates by computing the L1 distance between the
nearest pair of cluster means. If this distance is less than or equal to a
threshold C, then the two means are averaged into one. The nearest distance
between clusters is recomputed, and the merging process continues until all
the clusters are separated by C or more. The merging operation is performed
when the counter NMC of the number of clustered points since the last merger
exceeds the threshold NMT (system parameter). After a merger, the counter
AMC is reset to zero.

Deleting Clusters.-

The test for deleting clusters is made when the counter NEC exceeds the
threshold NET (system parameter)}. NEC is the number of clustered points
since the last deletion process. All clusters with less than NMIN points
(system parameter) are deleted, and the counter NEC is reset to zero.

During the second pass for each pixel or strip of pixels, a distance for
the image display is generated. This distance is the L1 distance from the
mean of the strip to the cluster mean it is assigned to. A1l unassigned pixels
are given a distance of 1. x 1038. Later, in the images option, the distance
values are compared to an input threshold and all pixels whose distance ex-

ceeds the threshold value are not displayed.
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The ANGDIS option computes and displays the angles and L1 distances

between all pairs
Define

=
11

=
—
-
—

It

of mean vectors resulting from clustering the data.

mean vector of ith cluster

k=th component of the 1th mean vector

i>3 dij=zm (k) -m (k)]
c \
i=j dij=20
M . M,
LA

then the matrix D = [dij] is displayed.

The adaptive

clustering algorithm is based upon the approach in

Reference 2 and incorporates some of the ideas in Reference 3 to save

computation time.
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AUPCLU

ENTER WITH

¥M - STORAGE ARAAY FOR CLUSTER
HEAN VECTORS

NV - HUMBER OF MEANS IN VM (IF
ANY FROM PREVIOUS CLUSTERING}

AD - WORKING STORAGE ARRAY

BUF - LARGE STORAGE ARRAY

SECOND PASS [NITIAL[ZATION

IBUF1 | PARTITION BUF FOR . =
IBUFZ | DATA, [MAGES, AHD THRESNHOLDS e P;Es -02 :Eg - g
®RT - NUMBER OF RECORDS OF DATA NP[ = O

ON DATA TAPE B
DATUNT | DATA AND IMAGE UNIT 2 :f?s%tl)]: r:vn ser
IMGUNT § NUMBERS RESPECTTVELY WG(1) = 0
KD - DIMENSION OF GBSEAYATION

VECTORS

INRT = IMRT¢l

USER CUE AND PAAAMETER INPUT

1. CUE USER
2. RE;D AND HRITE NAMEL]ST

3. CUE USER FOR PDSSIBLE
ACCEPTANCE OF INPUT

PROCESS INAT-TH RECORD, OF DATR
AND SAVE THMAGE GENERATED

RESPOASE
= YES

1. CALL RETDAT
2. CALL CLUSTA
3. JPTP = JPTP+NX
4. CALL SAVIMG

]

CLUSTER MEAN INITIAL1ZATION

CALL INTTCL

I

FIRST PASS INITIALIZATION

1. INRT = O HNEC = Q PRINT CLUSTER POPULATION
IPASS o HNC = 0 SUMMARY
JdPTR = g NPC = ©

2, FOR I =7, NvM SET
PLIST{1] = |

®__.

USER OPT1ON SELECTION
AND TEST

1. CUE USER
?. READ RESPONSE

3. 60 TO APPROPRIATE
ENTRY POINT

1HRT = INAT+}

OPTION=MEANS OPTLON=ANGDIS

DISPLAY CLUSTER
MEANS

PROCESS INRT-TH RECORD OF DATA
COMPUTE RHD DISPLAY
MHGLE DISTANCE MATRIX

1. CALL RETDAT

2. CALL CLUSTA 1. 10ISF = ¢
3. JPTP = JPTP4NX 2. CALL ANGDLS
3. DISPLAY

]

° @ OPTION=QUIT

SPECIAL ELLMINATION AND MERGER TESTS

OPTION NOT
RECOGNIZED

ToMC-9 NG = Y .
JPTF =0 NKC » KMT W | resrs

2. CALL CLUSTA

INFORM USER OF
INVALID OPTION

ADPCLU 1 of |
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CLUSTR

ENTLR ilITH

¥ ~ ¥ECTORS TO B[ CLUSTERED

YM o+ IHITIAL CLUSTER MEANS

HD - DIMENSION OF WLCTORS

NV . KUMBER OF WECTORS IN V

N¥M - WUMBER OF VECTORS IN ¥M

NVUMHAY - MAKIMUM HUMBER OF YECTORS ALLOWED IN WM

NVG - WEIGHTS FOR CLUSTERS, I-TH YALUE 1S NUMBER OF
POINTS 1N 1-TH CLUSTER

C,5,R7,R - CLUSTERING OISTANCE MEASURES FOR MERGERS,
STRIP GEKERATION, PRIORITY SEARCH, AND
THRESHOLG FOR WEW CLUSTERS RESPEGTIVELY

RPC,WPT - CDUNI{R AND THRESHOLD FOR UPDATES TO PRIORITY

PLIST - 9RIDIIH L1ST
NEC,NET - CDURTER AND THRESHHLD FOR SMALL CLUSTER
ELIMINATION TES

NMIN - ELTM{NATION TNRESKOLD NUMBER OF POTNTS

RHC NNT - COUNTER AND TWRESHDLD FOR MERGER TESTS

IPASS - PASS NUMBER OR ROUTING FLAG

IP - PRINT FLAG, .EQ. O ND FRINT. «NE, 0 PRINT MERGERS
AND ELTHINATION MESS

JPTP - HIMBER OF PDINTS PRGCESSED PALOR 10 THIS ENTRY

JPT=0
Ng=0

IPASS=2

MHC-HMCHE

HPC=NPCHUS

NPCRAFT

JPT=JFTH]

J5C=IPT
JPT=0PT4+]

STRIP GERERATICH

DETERMIN
ABS('(J JSC)-V(J JPT}H<S

n

JPT=JPT+1

WEIGHT IN NS

COMPUTT MEAN OF YELTORS JSC+
JFT, PLACE RESULT IN ¥5 AwD

1, For 1e1,
0.

I*1MD SE

fio SET
2. For J-JISE.JPT AND FOR
T

vsll)-vs(l)ovlr 4]
1 NS v OPTA-ISE
4. FOR 1«1, SET
VS{1)a¥S( 1) /RS

(:F*_*____.

SEARCH PRIORITY LIST FOR FIRST
CLUSTER MITHIN AF OF ¥5, AND/DR
HEAREST CLUSTER WHICHEWER GCCURS
FIRST éRNIN [S DISTANCE AND J1
TS TNDEX}

THIR=1. £ 438
L PLlsr(lf
% 3% 141 D

B

DG Al 1= His

U'D'!.I.BS[UH(J.LI-US(J)J
LF{D.6T,AMIN) GO TO 40

L

IF(RMIN,LT,RP) GO TO 42
40 CONTINUE

42 CONTIRUE

ASSIGN 70 J1, MODLFY
MEAH VECTOR AND WEIGHT

ASSIGN TO J1

CALL MODIFY

T. FOR 0J50,dFT
()] = g

.
TDIS{}=RMIN
2. HVB[J1] » HVG{JT}+NS

7
[ ]

<&>

i

BEEIN NEW CLUSTER [N SLOT
a1, SET NPC FOR PLIST UPDATE

1. FoR 1=t Np
WMLz uste)

2. W¥@(d1) = NS
1. KRCeNPT

ADPCLU-T1

OETERMINE INDEX OF CLUSTER
WITH FEMEST NUMBER DF POINTS-
STORE 1N J1

1. SET J1 = THE I
WHICH YIELDS
H;MMVG(]J)

2, IF IPD WRITE
DY NESSAGE TO
USER

]

CLUSTA 1 of 2




REC=0
NPC=NPT

ELIMINATE ALL CLUSTERS FOR
WHICH RUMBER OF POINTS 15
LESS THAN NMIN, PACK VM
ARD NY6 TO ELIMIKATED
VACATED SLOTS, AWUST NvM

1«1

72 1=1+4

74 1F{1.GT.NVH) B0 TO 14
IF{NVG(I) . GT NMIN} 60 TG 72
JPTTJPTR+JPT

IF 1Py0 WRITE OUT MESSAGE
TO USER

PACK VM AND KVG
CALL PACK
CALL PACK
NYM=HYM-1
GO T 74

14 CONTINLE

NHC=D
HPC=NPT

N
L1

YES

OIMPUTE MINTMUM D1STANCE
BETWEFM ALL PALRS OF CLUSTERS,
LET 41 and J2 DENOTE THE
[NDICES AND RMIN THE DISTANCE

[2=H¥H-1
RMI[N=1.F+38

00 84 L=1,HD
B4 D=D+ABS{VM(L,1)-¥M(L,J))
GO TO 86

§F(D.GT.RMIN)
RMIN=D
J1=1
J2=J
B85 CONTINUE
88 LCONTINUE
YES
O

MERGE 11 AND J2, UPDATE MEAM
AND WEIGHT FOR J7, PACK WM
AND NVG TO ELIMIRATE YACATED
SLOT, ADJUST HVM

TF 1P#T WRITE QUT MESSAGE
TO USER

CALL MODIFY
CALL PACK
CALL PACK
KYM=N M-

HPC=G

UPDATE PLIST USING
CURRENT WVG

CALL UPPLT

Yis

SPEC1AL CASE FOR
LAST POINT

1. FOR I=1,0D SE¥
v5{1)=¥{1.4¥)

2, NS=1, JSCwJPT

EXIT WITH

VM - UPDATED MEARS
NVM - WMBER OF MEANS IN VW
NVG ~ UPDATED WEIGHTS

TOTS - THRESHOLOD ARRAY
NPL NEC ,NMC - UPDATED YALUES

ING - DEFINES CLASSIFTCATION MAP

ASSIGN TO UMASSIGNED

1.

FOR 1 = JSC, JPT SET
1

2. NYG[1}=N¥G(}) + WS

J)=1
Tols{d)=1.£+38

ADPCLU-12

CLUSTA 2 OF 2



UPPLT

ENTER WITH

I-TH CLUSTER
IN NVG

NVG - WEIGHTS, I-TH VALUE IS
NUMBER OF POINTS IN

NVM - NUMBER OF ENTRIES

1

GENERATE PRIORITY LIST - PLIST-,
J-TH VALUE IS INDEX OF J-TH

LARGEST ENTRY IN NVG

DO 10 I=1, 20
10 TLIST(I
DO 30 L
N=-1
DO 20 I=1,
IF?TLIST(I
IF{NVG(I).
H=NVG(T)
J=]

20 CONTINUE
TLIST{J}=1
30 PLIST(L)=

1, 2
0
o

I~

VM
).EQ
LE.N

1) GO TO 20
GO TO 20

l

EXIT WITH

PLIST

ADPCLU-13
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Using the COMPAR Qption

In order to use the COMPAR option, the two signatures to be compared
must be available in the currently assigned signature files.

The suboptions available are:

REFSIG - used to read the reference signature from a file
and compute its eigenvectors. The signature name
and file number are required inputs.

TSTSIG - used to read the test signature from a file and
compute its eigenvectors. The signature name
and file number are required inputs.

PROJEC - used to compute and print the projection data.
The namelist input INPROJ is required and con-
sists of the following variables:

NRV = the dimension of the subspace to be formed
from the reference eigenvectors.

IRV = the index numbers of the reference eigen-
vectors to be used to form the subspace.
The eigenvectors are ordered so that the
first corresponds to the largest eigenvalue
and the others follow in descending order.

QUIT - used to return control to the driver so that another
ASTEP option may be selected.

COMPAR-1



COMPAR OPTION
SAMPLE INPUT AND CORRESPONDING QUTPUT:

ENTER ASTEP OP?ION OR TYFE A BLANK

T T M AR e T smmes e e e
COMPAR OpTION
= - - “m.-"ﬁ"ii - -
SELECT FROM REFSIGr TSTS1Gs PROJECs QUIT.
R ”"‘H‘FS‘!’G"_“—‘""“‘" e e e - PRV o= e et e - e e e
nErsrs HAS BEEN SELECTED.
!NpuT NAME Yo SEARCH om i )
R R L U - -
— - EHOOSE FELE—NUMBER- FROM- o o B o com e — ae e e - -
51
SIGAR ND » 4 K = 1 & 9 12 -
— NUMA1) w P - - -
szLecr FROM REFSIG; TSTSIGs» PROJECH QUITe
- ._...___,4’_.54'_5.{_67_“ e e e e e e = e = A1y — S n = e 5 v — —
TSTSIG HAS BEEN SELECTED.
INpUT NAME To SEARCH ON
TS TGA R Tt T T T B T T T
— rHOOSEFITE NOPBEER—FROMN 1 4 - T s
>1
S1GA ND = 4 K = 1 & % 12

D WT“,_- ‘2‘? —— T T s T s e
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SELECT FROM REFSIG

TSTS1Gs PROEC, QUIT.
SPROJEC — — - - - e

PROJEC MAS BFEN SELECTED.
SINPROJ NRV [Ry B _
SINPROJ
“v . e - + 4 — - [ oo . JE— —_—
IRy = *1, 0, LLTE)
- - 8y - - +0y e -
+0y *0, L LY
0 ., My
+0, «0, N
0, o0, N
,Eﬁ'b" .- - . —_—— . e ——— - - —— — —— —
TypE vES IF INPyTS ARE CORRECTe
>¥ 85
REFEQENCE SIGABR AND TEST SIgA
COMPON I aY &
1 ? 3 4 5
1 «B48 -e400 +207 =+ 208 1.,00n
S1IEs 2 aY g
1 2 - 3 - 4 5 -
- sB88 - WHED- - L2077 - w20 - tuofp vt o
L |9|7 .978 778 .027
ANGLES i BY ¢
t- F S 3 4 - -3 —
- 28730 Ehvli4y - TBeBI3 - FEOO4 14572 - — s

SELECT FROM REFSIGe TSTS1G: PROECs QUIT,
SeUIT - o : coee : - s
BulT HAS BEEN SELECTEDS.
~THE ORTION £OMPAR RFQUIRFR

Ce24%b SECONDS oF CRu- TEmp;

R L T e e i T o i e e o il
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COMPAR ENGINEERING DESCRIPTION

If the statistical variations between fields of the same crop are to be
explained by the mixture theory, then data from all of the fields must lie
in the same subspace. In general, the eigenvectors corresponding to the
significant eigenvalues for all fields of the same type should lie in the
same subspace.

The eigenvectors from two covariance matrices can be compared by writ-
ing the second set as linear combinations of the first set. Precisely,

m
f: =2 b., e,
i j=1 W3
where
f, = the ith eigenvector from the second covariance matrix
ej = the jth eigenvector from the first covariance matrix
b1j= the component of fi along ej and is given by fiT ej

The eigenvectors are assumed to be ordered according to the sizes of the
corresponding eigenvalues, with the largest first and the smallest last.

If the first q eigenvectors from the first covariance matrix are chosen
to form a subspace, then

m
.e.+ ©»  b..e.
j=q+1 1

—+
[}
o0
o

where the first term is the part of fi that lies inside the subspace and the
second term is the part of fi that lies outside the subspace. If exactly g

of the fi vectors lie totally inside the subspace, then they also span that
subspace.

In actual practice, none of the Fi vectors will lie exactly in the sub-
space. A measure of how well each vector lies in the subspace can be obtained
by computing the magnitudes of the components inside and outside the subspace.
For each fi the magnitude of the component inside is
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and the magnitude of the component outside is

m 1/2
2 24172
(f.) = . =[1 - (f;);.“]

17out jeg+1 M 171n
In order to visualize the closeness of a vector to a subspace the out-

of-space angle ay can be computed from

1 (fi)out
i‘in

U-.i = tan

This angle will be zero for a vector totally in the subspace and 90 degrees
for a vector totally out of the subspace.
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COMPAR

ENTER WITH

11, 12 - UNIT NUMBERS
FIR SIGNATURE FILES

r

PRINT “SELECT FROM
REFSIG, TsTSIG, PROOEC, QUIT"

READ SELECT [OK
TNTO 1AM

G
: YES

READ REFERENCE SIGNATURE

CALL REDSTK

l

COMPUTL REFERCNCE EIGENVECTORS

CALL FACANL

o e =
YES

READ TEST SIGNATURC

LALL REDSIK

]

COMPUTE TEST EIGENVECTORS

CALL FACANL

1AN = “PROJEC?

YES

ASK FOR NAMELIST
INPUT $INPROJ

READ $INPROJ
WRITE $INPROJ

INFUTS CORRECT?

YES

PROJECT TEST YECTORS
INTG REFERENCE SUBSPACE

CALL PROJEC

PROJEC

ERTER WITH I

REFEIG - REFERENCE EIGENVECTORS

TSTEIG - TEST EIGENVECTORS

REFVM « REFERENCE MEAN YECTOR

TSTYM - TEST MEAN VECTOR

ND - NUMBER OF DATA CHANNELS

NRY - DIMENSION OF REFERENCE SUBSPACE

IRY - INDICES OF VECTORS DEFINING SUBSPACE

—

l

COMPUTE PROJECTIONS DF ALL
TEST EIGENVECTORS INTD THE
SUBSPACE

PRINT COMPOHENTS
[N SUBSPACE

l

COMPUTE MAGHITUDES OF
1H-SPACE AND OUY-OF-SPACE
COMPONENTS

LCDMPUTE OUT-OF-SPACE ANGLES I

i

[ PRINT MAGNTTUDES _l

I

[ PRINT ANGLES l

RETURN

YES
< AN = QUIT': RETURN

To

LPR[NT "IAK [S NOT A VALID CHOICE® I

SHEET 1 OF 1
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Using the CPYDAT Option

The CPYDAT option is used to copy a portion of the packed observation
data tape (or file) onto another tape (or file). Subsequent execution of
DATDEF using the new tape or file may take significantly less computer time
because the tape (or file} is much shorter. Also, if access to tape drives
is limited, CPYDAT may be used to copy a portion of the data tape onto a
file which may be easier to access. The original data is stored on OBSUNT
and the copied file is on OBS1. Since this option uses the same system of
subprograms as does the DATDEF option, duplicate definitions and explana-
tions will be avoided by referencing parts of the description of that option
where appropriate.

After selecting CPYDAT, the user is asked to input ITPFMT, ITPNO, ISTART,
and IIHC under the namelist $INCPYD. ITPFMT and ITPNO are explained com-
pletely under DATDEF option. Briefly, ITPFMT indicates the pixel-channel
format of the data tape while ITPNO specifies particulars of the specific
tape (error records, record size, etc.}. If ITPNO is five, the data tape
was generated under a previous execution of CPYDAT. If ITPNO is less than
zero, the particulars of the tape may be input under namelist name $SPTAPE;
see DATDEF for more information.

ISTART is the first scan 1ine to be copied and IINC+1 is the number of
scan lines to be copied.

The user must use the UNITS option to change the OBSUNT to the 0BS1 unit
before the new CPYDAT tape may be used by DATDEF on the same run. The user
always references the same scan line numbers and the original tape for »
CPYDAT tape.

The CPYDAT option is intended to be used with packed data in the LARSI,
LARSII, or ERTS format. The same function can be accomplished with more
flexibility for data in the UCCT format by using the UYWRIT option,

Most of the messages which can be generated during the execution of
the CPYDAT option can also be generated during an execution of the DATDEF
option, but some messages are exclusive to the CPYDAT option. These messages
and their meanings follow:
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BUFFER NOT LARGE ENOUGH FOR CPYDAT, NO TAPE WRITTEN

The size of the internal scratch array BUF, NBUFSZ, is not large
enough to accomodate one record from the input tape in each half
of the array. There is probably an error in the value of NBUFSZ,
an incorrect unit assignment has been made for OBSUNT, the wrong
tape has been mounted, or a hardware I/0 or positioning error has
occurred. The program stops.

THE CPYDAT OPTION CAN NOT READ DATA IN UNIVERSAL FORMAT - RETURN 7O
MAIN PROGRAM

The capability to read a UCCT with the CPYDAT option has not yet been
implemented. Execution is returned to the main program where the
DATDEF option, which has this capability, may be executed.

CPYDAT-2



'CPYDAT OPTION
SAMPLE INPUT AND CORRESPONDING OUTPUT:

ENTER ASTEP OPTION OR TYPE A BLANK
>CPYDAT

CrYDAT DOPTIQN

SINCPYD as B, ITpFMT, ITPNO» ISTART)» ]NC

A B ITPFMT [TPNOQ ISTART NG
255,0 =10 1 l 795 ad
TYPE YES IF INPUTS ARE DK
>YES
THE OPTION ¢cPYDAT REQUIRED 7+2772 SECONDS QF CPU TIME,
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CPYDAT ENGINEERING DESCRIPTION

CPYDAT does not require an engineering description - see functional
flow diagram.

CPYDAT-4



CPYDAT

ENTER WITH I

SEE THE TEXT AND SHBROUTINE
DATDEF *CD' COMMENIS FOR A
COMPLEIE LIST OF THE INPUT
VARIABLES

USER CUE AND READ DATA
REGION SELECTION INPUT

1. PRINT USER CUE
2. READ $INCPYD
NAMEL [ST

3. PRINT CUE FOR
POSSIBLE INPUT
ACCEPTANCE

THPUT Ho
oK
?
Tes

INITIALIZE
CONSTANTS AKND
INTERNAL PDINTERS

15
INPUT TAPE
A CPYDAT
GENERATED

TAPE

SHOULD
SPECIAL RAW NO
OATA SET
CHARACTERISTICS

BE INPUT
2

YES

USER CUE AND READ RAW
BATA CHARACTERISTICS

1. PRINT USER CuE

2, READ $SPTAPE
NAMELIST

3. CUE USER FOR
POSSIBLE INPUT
ACCEPTANCE

YES

REWIND
RAW DATA

TAPE,
GBSUNT

CPYDAT-5

REWIND
W DATA TAPE
READ HEADER
RECORD, AND
REWIND
AGAIN

READ
RAW DATA
RECDRD
FROM
QOBSUNT

CALCLLATE
READER RECORD
VALUES

REWIND
PYDAT OUTRU
TAPE, QOBS1,

COPY RAW DATA
RECORD ONTD UNI
0BSi WITHDUT
FORMAT CHANGE

Is

THIS THE

LAST DATA

RECORD
7

REWIND
THEUT AND
OUTPUT TAPES
UBSUKT AND
0ES51

EXIT WITH I

ALL RESULTS ARE THE
HEADER RECQRD ARD
CATA RECORDS MWRITTEH
(NTQ UNIT 0B51
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Format of the Packed Data Tape, or File Generated
by the CPYDAT Option

When this tape or file is generated by the CPYDAT option using the sys-
tem subroutine NTRAN each data record is copied exactly without any change
in format; however a special header record is written which contains infor-
mation required to process the data. The header record contains 20 words.
The variables stored in each word are given below (please refer to previous=
ly given definitions of the variables involved):

Word Number Yarjable Name or Value

= ITPFMT
= ISTART
= TIINC

= NWRN
20

= LEAD

= MAXJ

= MAXK
A

10 - | 8
11-20 are presently unused.

0~ O oW N
n

o
n

This header record is the first record in the file. The original
header record on the data tape is not copied into the file by CPYDAT.
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Using the DIFIMG Option

The DIFIMG option allows the user to compute an image of the differences
between the images on units IMG1 and IMGZ2 and store this image on unit IMGUNT.
Upon selection of the DIFIMG option, the user is required to input the equi-
valence list of class symbels. In the equivalence 1ist the user specifies
which class symbols are to be defined as equal or equivalent in the two input
images on units IMGl1 and IMG2.

The first entry on the equivalence list is a class symbol on input image 1
(i.e., IMG1). Following entries are the class symbols on input image 2 (i.e.,
IMG2) which the user believes to be equivalent to the class symbol on input
image 1.

A typical entry in the equivalence Tist is:

AB - specifies that the B's on input image 2 are equivalent
to the A's on input image ]

AAB - specifies that the A's and B's on input image 2 are
equivalent to the A's on input image 1.

or

The group of characters corresponding to image 2 in the list (B or AB
in the above examples) may contain up to 5 characters. Up to 10 such entries
in the equivalence Tist may be input. A blank card terminates the scan for
entries in the Tist.

Images 1 and 2 are the first and second images that were generated with
any of the classification options. Prior to using the DIFIMG option, it is
recommended that the user read the description of the UNITS option. The UNITS
option is intended to be used in conjunction with the DIFIMG option to conven-
iently manipulate the image unit numbers such that each image output may be

placed on a unique unit by the user.

The output from the DIFIMG option is a table that contains three classes,
A, B, and C and the size of each class. The classes are defined as follows:
Class A - those pixels in image 1 that were not in the equivalence
list specified by the user
Class B - those pixels in image 1 different from image 2
Class C - those pixels in images 1 and 2 that are the same.
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ENTER ASTEP UPTION OR TYPE A BLANK e

PDIFIMG

DIFIMG OPTION
SAMPLE INPUT AND CORRESPONDING OQUTPUT:

DIFIMG  NPTI1O0N

INPUT FQUIVALENCE L1STS

FAA
88
>
>QFH

YEF
>

CLASS SYMHIJL SIZE

| A

2 a
3 c
CLASS a ARE
CLASS B ARE
CLA&%S £ ARE

TIHF AeTI0n

81
SB[
1034 . _ B [ S o
THOSE PILAELS OF ImMAGE 1 THAT ARE NGT N THE INPUT EGUIVALENCE LIST
THOSE PIAELS OF IMAGE | DIFFERENT FROM_JMAGE 2
THDSE P1XELS THE SAME [N IMAGES 1 AND 2

UIF1%e KEQUIRED L4742 SEcoNDS OF CPU TIME.

_-_-——-._---_---—-----—-_—-—--------_-—---.-----------uu--u---
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DIFIMG ENGINEERING DESCRIPTION

DIFIMG differences two input alphabetic image maps to produce a third
alphabetic image map. It requires the use of an equivalence table to define
the logical rules for differencing two alphabetic characters. The equiva-
lence table is input by the user and has the form

entry 1 A1B”Bm...B1m

enFry 2 A2321822"'32n

entry n Aan]an...Bng

where each Ai and Bj] is an alphabetic character.

Let C], C2 and C0 be corresponding characters on the input images 1
and 2 and output images respectively. Then the differencing rule is

C if for some j

CT = Aj and C2 = Bji for some i

L
il

L if for some j C] = Aj and 02 # Bji for any i

Adf C1 # Aj for any j

The corresponding threshold data for the image display for the output
image is set to zero.

The 1imits on the number of entries in the equivalence table, n, and
the symbol list for the second input image, m, are n < 10 and m < 5.
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DIFTMG

ENWTER WITH I o

BUF - LARGE OUFFER ARRAY
IBUFY | PARTITION BUFFER ARRAY
1BUFZ

NBUF5Z - S1TF OF BUF HD
NRT - HUMBER OF [MRGE RECORDS DN
[MAGE TAPES
IHG1,IHE2 - THPUT JMAGE DATA TAPE
YES

UN]T NUMBER
INGUNT - EEKULU%II‘%E DRTA TaPE

GENERATE DIFFERENCE IMAGE
} AN SAYE ON UNTT INGUNT
INSTRUCT USER TO CALL OIF
IHPUT EQUIVALENCE CALL SAVIMG
SYMBOL L15TS :
READ A SYMBOL L1ST

ERROR RETURN

WAITE ERROR MESSAGE
T0 YSER

RETURN

VALID
SYMBOL S

PAINT GUT
INVALID LIST

DEVELOP ENTRY

N
EQUIVALENCE TABLE {1}

MAXTMUM
SIZE
TABLE

*NFOS!M USER THAT
ABLE 15 FULL

INITIALIZE
ilRT = O
CALL SAVIMG
CALL RETIMG
FALL RETIMG

.,—

INATHINRT+]

e

!

PRINT TABLE

CLASS SYMGOL S1ZE

READ INPUT THAGE RECORDS
IHTD BUFFER

CALL RETIMG[...,IMG1,...}
CALL RETIHGL...,InGZ, ...}

DIFIMG 1 OF 1
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DIF

ENTER WITH

IMG1, IMG2 - TWO DIFFERENT ARRAYS OF INTEGERS INDICATING
THE GROUPS THAT VECTORS ARE ASSIGNED
NV - NUMBER OF POINTS IN IMG1 AND/OR IMGZ
EQT - EQUIVALENCE LIST DEFINING DIFFERENCE. ALL CHAR-
ACTERS ARE REPRESENTED BY INTEGERS. THE K-TH ENTRY
IN EQT IS AS FOLLOWS - - -
EQT(K,2)=THE CHARACTER ON IMG1 TO BE TESTED FOR
MATCHING ONE OR MORE POSSIBLE CHARACTERS
ON IMG2
EQT(K J)=THE POSSIBLE CHARACTERS ON IMGZ2,J=34...,
3+EQT(K,1)
EQT(K,1)=NUMBER OF POSSIBLE CHARACTERS ON IMG2
IEQT - NUMBER OF ENTRIES IN EQT

J

DIFFERENCE IMAGES USING
EQUIVALENCE TABLE FOR EACH
PIXEL I '

FOR I=1,NV

1. TEST EACH A ENTRY IN EQUIVALENCE TABLE AGAINST
IMAGE 1, IF MATCH SET FLAG=1 AND DO STEP 2,
OTHERWISE DO STEP 3.

2, TEST EACH B ENTRY CORRESPONDING TO THE MATCHED
A ENTRY AGAINST IMAGE 2, IF MATCH SET FLAG=2,
MATCH OR NO MATCH DO STEP 3.

3. SET POINT ON IMAGE 2 BY

0- A
FLAG = f 1 - B

2-C

EXIT WITH

IMG2 - IMAGE ARRAY RESULTING
FROM DIFFERENCING

PROCESS

NVG(I) - NUMBER OF PIXELS IN
EACH CLASS

NVM - ?UM?ER OF CLASSES
=3

DIF 1 OF 1
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Using the DUMP Qption

DUMP option is a convenient way for a user to visually inspect contents
of a tape file by translating it into readable form and printing it. The
information from the input tape is broken into 8-bit bytes and converted to
integers from 0 to 255 for printing.

Upon entering DUMP option the user inputs the following parameters
using the $INDUMP namelist:

NREC - number of physical records to be printed (default value is 5)
IFIRST - index number of first record to be printed (default vaiue
is 1)
NWORDS - maximum number of words to be transiated for one record
(default value is 5000)
UNITNO - unit number for input tape (default value is 7)

The first record is always translated and printed, independent of the
value of IFIRST parameter, since it is usuaily a header record. Data re-
quested is printed as shown in the DUMP QOption Sample Input and Corres-
ponding Output section.

It should be noted that DUMP cannot be used to dump a Fastrand data
file unless all of the records on the file are of the same length and NWORDS
is set to that length. The reason is that there are no gaps between records
on the file to tell NTRAN where to stop reading.
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DUMP OPTION
SAMPLE INPUT AND CORRESPONDING QUTPUT
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OuMp

ENTER NITHI

[SOUR - STORAGE AREA FOR IN-
COMING DATA RECORDS

]

INPUT $INDUMP MAMELIST

NWORDS > 5000

SET NWORDS (NUMBER OF WORDS
PARAMETER) TO 5000

|

COMPUTE INDEX NUMBER FOR
LAST RECORD

\

L

REWIND INPUT UINIT |

\

READ FIRST RECQORD (HEADER
RECORD) AND TRANSLATE INTO
READABLE FORM

]

SKIP RECORDS TO RECORD
NUMBER IFIRST

READ AND TRANSLATE RECORDS
FROM IFIRST TO ILAST

)

REWIND INPUT UNIT

-

‘ RETURN '
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Using the EDTSIG Option

The EDTSIG option is used to manipulate signatures and signature files,

A signature consists of the mean vector, covariance matrix, and number of
pixels for a set of data. A signature file consists of a set of signatures

along with their associated six-character names and the number of data chan-

nels and the channel numbers for each one. A signature file is stored on an

external medium such as tape or drum storage.

The suboptions within EDTSIG are:

BEGFIL

WRTSIG

SAVSIG

LISFIL

REDSIG

PRTSIG

used to begin a signature file., The file may be on
unit 1 or unit 2, depending on the user's choice.

used to read a signature into the core storage area
in EDTSIG from cards. The values are input through
a namelist called INWRTS which consists of:

ND - number of data channels

K - Tist of channel numbers

NUM - number of pixels

VM - mean vector

COV - covariance matrix (input by columns)

used to save a signature by copying it from the core
storage area into a signature file. The unit number
and the signature name are specified by the user.

The signature file must be prepared by BEGFIL before
the first signature is saved. Up to one hundred signa-
tures can be saved in one file.

used to obtain information about the contents of a
signature file on the unit selected by the user.
The signature name, number of channels, channel
numbers, and number of pixels are printed for each
signature in the file.

used to read a signature from a file into the core
storage area. The unit number and the name of the
signature are specified by the user.

used to print the signature currently residing in
core storage.
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FIGSIG - used to compute and print the eigenvalues, eigenvectors, and
factor analysis data for the signature in core storage.

ADDSIG - used to combine the information from two signatures into a
third signature which corresponds to the union of the two
sets of data. The first signature must be in core storage
and the second must be read from a signature file. The
unit number and name for the second signature are speci-
fied by the user. The result replaces the first signature
in core storage.

QUIT - used to return the program control to the driver so that
another ASTEP option can be selected.

Signatures may also be saved in the FACTOR option of ASTEP, but the file
must have been initialized with BEGFIL in EDTSIG.

EDTSIG-2



EDTSIG OPTION
SAMPLE INPUT AND CORRESPONDING

ENTER ASTEP OPTION OR TypPr A BLANK

*EnTSIG

EnTSIG apTIoON

cHOOSE EpTsly QOpTION FRON

nEGFIL - SAvSte- RENSI6 wRTSIG
LISFIL ADDSIG EIGSIGe PRTSIG
QUIT

>LI1SFIL

SRS EEL RO s REEN ST ECTEDY - -

CHOOSE FILE NUMARFER FROM 1 2
>1
SIGALL ND = 4 K = 1 & % 12
NUM = 18R] 0 0 0 a n
sIiGa ND s BT K 'S 1 & 912 -
NUM = 29 D 0 a n a
s168 Np ¥ 4 X = I & 7 12
NUM = 438 D a o n a
SiGAR MDD & g K = I s = J2
NUM = 487 o D n o D
LISTING OF FILE | CAMPLETED
CHNOSBE FpTSIG OPTION FROM
aEGFIL SayS!s REnsSIG wRTSIg
LIsSFli. AppStc E€I6Slg pPRYSIG
QUIT
sREDS] G e
RENSIG OPTION HAS BEEN SELECTED.
INPUT NaME To SEARCH ON
>SIGA
cHOOSE FILE wUMRER FROM | 2
>1
SIGA N = 4 K = 1 .3 9 12
NUMEL) = 29 :
{HODSE ERTYSIG OPTION FROM -
REGFIL SAySIlg REnSle wRTSIgG
LISFIL ADNSTG Elgsia PRTSIG
QulIT
*PRTSIS -
PRTSIG OpTION HAS BEEN SE(ECTED.
MEAN 1 BY a4
! 2 3 L]
1 B5,45% 126,024 1254379 $0+138
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OUTPUT :



- ,,;__t__. P 4,,T.-___z,. —_——— e e — -‘3 - - . e _*.., [
1 15.591 224512 10,064 B.1%2

———2——— 25— t06 - HOTNE - 20e T
3 18044 6072136 74,958 {5+5623

e B By} 92— 2By 34T — 15553 - B e42Y o -

rHOOSE EDTSIG DPTION FROM
v e e— S Ay S 16 —REDSHG—WRYSIG—-- - s - e
LISFIL ADDSIG EIGSIG PRTSIG
QuULT ST T s o -
»EIGS!G
ETGSTG OPTTHONHAS EE‘E"‘N"”SETE‘CT'E‘U“ e oo
ARRAY 4 aY 4
A e e B e e e e e _
1 1445818 - - w836~ B 3G 1T e6RT -
2 14325 2094 + 730 774437
3 el bb- - 83T s P67 -87 546t -
4 B.674 a033 1,000 774993
El GENV 4 BY 4
S tﬁ e o 2 . e — a . . q -
] 22Ty B2 o G208
2 887 370 madH42 =600
A SN L 4 e85 PY 0 Z0A I I S
4 198 s b3 -~ 497 0707

eHNOSE -EpTSiG—oOPTHON FRON— - — .-
REGFIL SAVSIG REBDSIG WwWRYSIG
- ISP H—ADOST 6 EI 656 —PRFSIG ——— - — ¢ —oee—— e
QUILT
»ADDS16G - - - -
ADDSIG OPTION HAs aEEN ssnEcrsn.
INPUT NAME To SEARCH ON
. o e - e
CHOOSE-FICE-NUMBER-FROM - + 2 - - - - o e
1
$16G8B NpD = H K = 1 & 9 12
MMt — gy — s - e o — -
C-EHOSE DTS OPTHON-FROM ——-—— v e
BEGFIL SAYSIG REDSIG WRTS!g
ISP AP DS —ErGSIc  pRTSYE - o e e - -
aulT
- PRI - - e e e e e

PRYSIG OPTION HAS BEEN SE|ECTED.,
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- —TTMEANT WY g e

1. 2 3 q
1 75,415 8B5.510 4N, 341 10%+002
COVMATY 4 BY 4
1 2 3 L
1 11990 27490 46,4613 154044
—”ﬂ__HTWﬂ———fﬁT&bi—T‘?‘q”rﬁ'ﬂ‘z——tﬂﬁT% 7 - S
3 4,413 179,542 288,545 =B4s153
D ° - . ‘;‘B"‘f".TS 3 7S, 1T8% - -

guoggE EgT;lG OPTlgN Eﬁg” R
N s
LISFIL' ADDSIG EIGSIG PRYSIG

Uy B — T T Tt

»OU!T

RO OPTION—HAS BEEN—SECECTED T — :
THE OPTION EDTSIG REQUIRED «433% SECONDS oF cPU TIME,

--b--—.t.-'-.u.-----.---—-n---.-__--...—---q---u.------u—--.
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EDTSIG ENGINEERING DESCRIPTION

EDTSIG is the subdriver for the spectral signature file maintenance
options. Signature files may be read or written using tape unit 1 or tape
unit 2. Each entry in the file has the form

Record 1 NAME - six-character Hollerith name

ND - dimension of mean vector and
covariance matrix

K - the channel numbers used to compute
the signature data

NUM - the number of pixels

Record 2 VM
COV - covariance matrix

mean vector

The end of the signature file is marked with a record of the form of 1
above with the name NOMORE.

ADDSIG Suboption

ADDSIG combines two signatures into a new signature. A detailed des-
cription of the procedure is included in this section.

BEGFIL Suboption

BEGFIL is used to begin a new signature file. It writes the special
NOMORE record on the unit selected.

EIGSIG Suboption

EIGSIG computes and prints the factor analysis data for the signature
that is currently in core storage. The method used is the same as in the
ASTEP option FACTOR.

LISFIL Suboption

LISFIL T1ists all of the heading data, (i.e. NAME, dimension of signature
data, channels used, and number of pixels from the signature file selected.

PRTSIG Suboption

PRTSIG prints the signature information currently in the EDTSIG core
storage area.
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REDSIG Suboption

REDSIG is used to retrieve a signature file. It searches the unit
selected for the user specified NAME. It retrieves one signature and returns
control to EDTSIG.

SAVSIG Suboption

SAVSIG is used to save signatures on a signature file. It adds the
signature data under the name specified to the file unit specified.

WRTSIG Suboption

WRTSIG allows signatures to be input by the user to be saved in the
signature files. Namelist is used to read in the signature data. SAVSIG
is then used to add the data to the file.

QUIT Suboption

QUIT returns control to the ASTEP driver.
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ADDSIG Engineering Description

The ADDSIG subroutine computes the number of samples, mean vector, and
covariance matrix for the union of two sets of data vectors. This is done
by combining the statistics from the two data sets without actually process-
ing the data vectors again.

The total number of sample vectors, n, is simply
n=ny+n,

where

ny number of samples in data set 1

il

Ny number of samples in data set 2

The mean vector, M, is given by

where

=
1]

1 mean of data set 1

=
1}

o = mean of data set 2

The covariance matrix, C, is

n1-1 n] T nz_] n2 T
C= m— C-I + n—_‘T (M'i - M)(M-l - M) + ﬁ:‘r" C2 + F‘T‘ (Mz“M)(Mz'M)
where
C1 = covariance matrix of data set 1
C2 = covariance matrix of data set 2
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EIGSIG Engineering Description

The EIGSIG subroutine computes and prints the eigenvalues, eigenvectors,
and factor analysis data for a given mean vector and covariance matrix. The
calculations are identical to the factor analysis done in the FACTOR option.
The equations are presented in the engineering description of the FACTOR
option.
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ENTSIG

ENTER WITH

I1 - UNIT FOR FIRST SIGNATURE FILE
12 - URIT FOR SECOND SIGNATURE FILE

]

PROMPT USER TO SELECT
OPTION FROM LIST

\

READ SELECTED OPTION
INTO IAN AND PRINT IT

]

YES
<:: IAN = 'BEGFIL'? CAL BEGFIL

y o

YES
IAN = "SAVSIG'? CALL SAYSIG

‘NO

YES
TAN = 'REDSTIG'? CALL REDSIG

1N0

YES
IAN = 'WRTSIG'? CALL WRTSIG

‘NO

YES

IAN = 'LISFIL'? CALL LISFIL

i

rND

YES
'ADDSIG*'? L CALL ADDSIG

’NO

YES
'EIGSIG'? CALL EIGSIG

—

g

=
"

p NO

YES
'PRTSIG'? CALL MATPRT

—

=

=
n

1 KO

YES
IAN = 'QUIT'? RETURN

AN ANANANANANANA

1 KO

PRINT "IAN IS NOT
A VALID CHOICE"
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Using the FACTOR Option

The FACTOR option computes the number of pixels, the mean vector, the
covariance matrix, the eigenvalues, the eigenvectors, and the angles between
each eigenvector and the mean vector of the block or cluster of data being
considered.

If the pixels have been classified, the classes for which the statis-
tics are to be computed may be selected by listing the corresponding charac-
ters that would be seen in an IMAGE print. The 1ist of characters BDF,
for example, would select only the pixels which were classified as either
B, D, or F.

If all pixels are wanted, or if they have not been classified, the
character + must be used.

After the desired classes have been specified, the user is required
to specify whether or not he wishes to print the statistics for the classes.
A response of 'YES' will cause the statistics for the classes to be printed.
A response of 'NO' will suppress the print.

Next the user must select the initial values for the statistics from
“the options:

ZERO - sets initial statistics to correspond to having no data.

FILE - reads initial values for statistics from a signature file.
The unit number for the file and the name of the signature
must be input.

If the user elects to print the statistics for the class, the output is:

MEAN - the mean vector

SIGMAS - the standard deviations as computed from the diagonal terms
of the covariance matrix

COVMAT -~ the normalized covariance matrix with correlation coefficients
above the diagonal

ARRAY - the first column is the eigenvalues ordered with the largest

first; the second column is the ratio of each eigenvalue to
the sum of the eigenvalues (tells how big each is in a rela-
tive sense); the third column contains sums of values in the
second column up to that particular row {(when the numbers
approach 1 this means that most of the effects have been
accounted for); the fourth column contains the angle (in
degrees) between each eigenvector and the mean vector.
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EIGENY - a matrix whose columns are the eigenvectors of the co-
variance matrix

Next the user is asked if he wishes to save the "signature" of the
class for future reference. The mean vector and covariance matrix from
FACTOR constitute the signature of the class. A response of 'YES' will
save the signature. Prior to saving a signature, it is necessary to iden-
tify the file name and number and to have performed the BEGFIL suboption
of EDTSIG option before FACTOR. If this has been done, the signature may
be saved under the previously identified file name and number.

In order to return control to the ASTEP driver, it is necessary to
input a blank for the classification character.
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FACTOR OPTION
SAMPLE INPUT AND CORRESPONDING OUTPUT:

—ENYER ABTER - ORTION OR TYRE A BLANK — — - ——— - —
>FlCTOﬁ ‘

e FAETOR- —eRTION  —- - -
ERENEEgaNEREgEyg

- ENPUT SYMBOLS -FOR -CLASSES, - -~
>

~ TYPE -HES-TO-PRINF STATISTICS-FOR CLASS + - - - - —
>YES
- A TOR—ANA LY S ST OR +— - e - e -
CHOOSE INITIAL STATISTICS FROM ZEROD DR FILEn OR QUIT.
_...._’_tﬂu ——— o —— e e —— e . - -
ZERD HAS BEEN CHOSENS
- MEAN TR Y 4 - B
1 2 3 4
1 82,052 90,765 71,29 B7 .9%7
SIGHMAS 1 BY Y
T 1 - 4 3 . I T
1 582y %217 32— THThYS
e e AT T RY — e
| 2 3 4
1 13,906 s 438 « 290 eb72
BN A = o8 & B N LR TS T RV TZ
3 29.227 144,567 400,034 o485
T TES IR SR T2 70 ey ———
KRRKY " 4§ gy g o
1 Fd 3 4
1 458,090 «727 o727 704964
- S+ — —— 238 958 I
3 2).1%1 037 + 795 474164
T T %I 008 U 1R000 C ea1es
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P

— - - - - e EYGENYTTTT T BY QT - - Tt T T
1 2 k| H
1 141 e 2lb .805 ~s520
P 3P —— 25— - — P —— —TYF —
3 o TEY « 459 -y 242 ~e3B2
R A e S X 52t T & £
—¥YPEYES TO SAVE STGNATURF "~ ™ = s —-
>YES o B -
CHOOGE FILE NUMBER fFROM 1 2
ﬁfli,i_ ———— —_ —

—ANPUTNAME-TO SAVEDATAUNDER— — T e
>SIGALL

—SHENATYRE -SToAL HASBEEN SAvED N —UNTT ) B
SIGALL ND = 4 g * 1 &6 9 12

B A7 o B i -3 - 3 S - s -
lupuT vaaOLs FOR CLASSES.
3 g — e - I e e
TypE vES TO PRINT STATISTICS FOR CLAss A
—yYES L - e

—EACTOR ANAL el PR A —— e
CHODSE INITIAL STATISTICS FROM ZERO OR FILEs OR nuIT.

~SLERD- - e
ZERO HAS BEEN CHOSEN.
MEAN B e
1 2 3 4
1 85,655 126,034 ,25 379 90.138
SIGMAS 1 BY 4
1 2 3 Y I

f T8 Sy S e

COVMAET — — 4B —y T T
1 2 3 q
1 15589] ebB6 528 o542

B M e &L T e —

3 1BeDbH 60738 74,958 v487

A28 3P 15IEES 13wk — - e
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T s —ARRAY T T RY T 4 o
i 2 3 4

| 144,810 836 «B36 17697
— 2 32— — — 93— 2P Y -
3 boedhb « D27 «FA7 87+541
—- W Gy Th I 15000 F g 8 i a 2n Sl
— G E N R Y et e s
1 2 3 5
1 224 2473 2824 208
- 2 - b F— - 3D ey 242 - - a0
3 0682 -y652 107 » 313
R I B S - iRy o 2 by ot o SRR £ 2 5 o S
—FYRE YES-TO SAVE SHEMATURF—- - - o —
*YES

cHOOSE FILE NUMBER FROM | 2 .
" .,1.;4; - ——— i ——— - — - 4 he s o cm aaa i me———— — i e ¢ e e ———— —

~ INPUT-NAME-TO-SAVE DATA yNDER—~~ - = - - — - oo
>S16GA

- g1 GNATURE S1GA-— -HAS BEEN- SAVED oN-UNIF—T = =~ —
SIGA ND ® 4 K= | & 912
CONUWtTY 29 mmemmI— s mrmooss o o oo

INPUT SyMpOLS FOR CLASSES,
vVﬂAA-— . —— — - —— . —rrr———— = & -

TYPE YES TO PRINT STATISTICS FOR Ct ASS B
S oAVt ot

FACTOR ANALYSIS FOR B
—eHOOSE—NITIALSTATISTICS - FROM Z2ERD OR FHLEVvOR- guoiTs

>IERQD
7ERD HAS REEN CHOSEN.
— VP E Y ES T SAVE—STENATFYRE— - - - - —-- -
>YES
CHOOSE FILE NUMBER FROM | 2
S ——. .
TINPUTTNANE TO SAVE DATA UNDER - o
»$16G8
—StENATORE SIgR HAS BEEN SAYED ON UNIT T
S1GB ND = 4 g = 1 4 9 12
NUMTT Ty I8 ) v T e
INPUT SYMBDLS FDR CLASSES.
—yy—
TypE yES TO PRINT STATISTicS FOR C_ASS B
- SR . R

FACTOR ANALYSIS FOR B
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—ZHOOSE N TIAL STATISTICS FROM ZERU OR FILEV OR UTT+ "
>FILE
FIcE xS BZEN CHOSENY -

—ANEUTNAME O SERRCH ON——————— — ———— = o ————
>S1GA

CHOOSE FILE NUMBER FROM | -

>t - —- f e e et

“STGA" CND W T KT T R TR Tt TR T e
NUMLy) = 2%

TYYPE YES YU SAVE STENATURE T T - T T
>YES

CHOOSE FILE NUMBER FROM 1 2
—51 e e
TINPUT NAWE TO SAVETDATATUNDER ~ = —— T T T T
>S1GAB

T gtENATURE SIgAs HAas pEEN—SAyED N DNTT T T
SIGAB ND ® & g = 1 & % 12

CNOMCTY Y TR TY T T T T T e s e e e -
INPUT SYMBOLS FOR CLlSSES.

—Ag ——————— - S e e e e
TYPE YES TO PRINT STATIST!CS FOR CLASS AR
e NT— e — — —_—

FACTOR ANALYSIS FOR AB
—tHOOSE NI AL STATISTHCS FROM ZERD OR FICEY OR guUiTe

>ZERD
~ZEROHASSEEN—CHOSEN e s e
TYPE YES T0D SAVE SIGNATURF
R e
!NPUT SYMBOLS FOR CLASSES.
TuE oOpTION FACTOR REQUIRED 3.ﬂ7¢2 SECDNDS oF cPU TlnE.

-Q'---------------------wqﬂ-oﬁn---nqq.h-----—ﬁ.-.-.----.-—.~
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FAKTOR

ENTER WITH

HD - HUMBER QF CHANNELS FOR DATA VECTORS

11, 12 - UNIT HUMBERS ALLOWED FOR
STGHATURE FILES

NFIELD - NUMBER OF FIELDS
NRFF - HUMBER OF RECORDS IM FILES FOR
€ACH FIELD

IHGUMT - UHTT NUMBER FOR IMAGE FILE
DATUNT - UNIT NUMBER FDR EXPANDED

DATA FILE
. ®

PRINT "INPUT SYMBOLS
FOR CLASSES"

READ SYNBOLS INTO
€0 ARRAY

PRINT "TYPE YES TO SEE
STATISTICS FOR CLASS ' '

[Ah = 'VES'?

= Yes
< e e >——-Ci£rum| )

EG{1) = '+72

CONVERT CHARACTERS
TO CLASS NUMBERS

l ;RHIT "CHORSE TNITIAL lS‘TMISTICS FROM |

RETAIEVE [HAGE DATA

CALL RETIMG

ERC OR FILE, QR QUIT

RETRIEVE DATA VELTORS

CALL RETDAT

REAR CHATCE INTO TAM
= m
o
I8n = "ZERO'?
L]

[t:1]

15 CLASS OF VECTOR 1
IN SELECTED LIST?

YES

PRINT “IRN {5 HOT A
VALID CHOICE"

INCLUDE YECTOR |
IN STATISTICS

CALL SEQCOV

l

RERD INITIAL STATISTICS ¥ES o
FAOM §IGNATURE FICE I P14 I - HP?
CALL REDSIG PRIAT ERANK
HESSAGE
SHEET 1 OF 2

FACTOR-7



PRINT MEAN VECTOR

CALL HATPRT

PRINT SIGMAS

CALL MATPRT

o
NiK = )7

YES

PRINT COVARIANCE MATRIX
WITH CORRELATIOH COEFFICIENTS
ABOVE THE DIAGONAL

CALL HATPRT

RESTORE COVARIANCE MATRIX
TO SYMMETRIC FORIY

COMPUTE ETGEMVECTORS,
EIGENYALUES, AND FACTOR
AHALYSES DATA

LALL FACAKL

PRINT FACTOR AHALYS1S DATA:

CALL MATFRT

PRINT EIGENYECTORS

CALL HATPRT

FRINT "HD ELEMERTS
[N THIS SUBSET"

PRINT “TYPL YES TO SAVE
SIGRATURE®

ANSHER # 'YES'T
NO

SET MEAN VECTOR ARD
COVARIANCE MATRIX TD ZERD

SAVE SIGNATURE Ifi FTLE

CALL SAVSIH

==
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Using the FEATSL Option

The purpose of this algorithm is to determine a linear transformation
which can be used to reduce the dimension of the data to be processed from
n to k, where k is less than n. Within FEATSL there are three suboptions.
Suboption SUBSP determines a k by n matrix B (n s 24; nk < 144) which maxi-
mizes the B-average divergence (References 4 and 5). Suboption REPLCE
determines a subset of k out of n channels (k < n < 24) which maximize the
average divergence in accordance with the Without Replacement Procedure
(Reference 6). Suboption CANCN determines the best k linear combinations
of n channels where k < n < 24 (Reference 7). The user can determine an
adequate value of k by displaying the "Class Separation to be Gained Map".
Upon entering FEATSL, the user must retrieve all signatures (class covari-
ances and means) to be processed. This is accomplished by automatically
having FEATSL call option REDSIH, so that the user retrieves all signatures
in accordance with option REDSIH,

Once the signatures have been retrieved, the user must select the
desired suboption to be executed. If suboption REPLCE is selected, the
user must only input by namelist {$INFEAT) the following parameter:

KDIM - the number of channels to be selected.

Then suboption REPLCE is executed and the best KDIM channels are determined
in accordance with the "Without Replacement Procedure".

If suboption SUBSP is selected, the user must first input by namelist
($INFEAT) the following parameter:

KDIM - the dimension of the feature space (i.e. k where k < 6)

Since it is desired to find a k by n transformation matrix B of rank k = KDIM
which maximizes the B-average divergence, the user must now initialize this
matrix. This is accomplished by the user typing in one of the following

four initialization suboptions.

Suboption Function
CHANAL User selects KDIM distinct channels

to initialize B.
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Suboption Function

VECTOR Each element of the B-matrix is
initialized by the user.

DEFALT B-matrix is automatically initial-
jzed using internal program logic.

RESTRT Allows user to exceed maximum num-
ber of iterations (400) for a given
probiem, or to alter the convergence
tolerance. (Normally, the user need
not execute this suboption).
A1l additional parameters to be defined below are also input by name-
list ($INFEAT). If initialization suboption CHANAL is desired, the user

must input
ICHAN - the desired distinct KDIM channels

For example, assuming twelve dimensional signatures, if KDIM=3, and
ICHAN = 1,10,12

then the program sets the element in the first row and first column of B
to 1.0; the element in the second row and tenth column of B to 1.0; the
element in the third row and twelfth column of B to 1.0 and all other ele-
ments of B are set to 0.0. Thus, in this example, B effectively selects
the first, tenth, and twelfth components of each observation vector.

If initialization suboption VECTOR is selected, the user must input
BMX - the desired non-zero elements of the B-matrix.
(The user must be certain that the resulting
B-matrix has rank KDIM).
For example, if n=12 (the dimension of the signatures) and
BMX(2) = 2.5, BMX(15) = 1.5, BMX(36) = 1.0

then the program sets the element in the first row and second column of B
to 2.5; the element in the second row and third column of B to 1.5, and the
element in the third row and twelfth column of B to 1.0. All other ele-
ments of the B-matrix are set to 0.0.
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If the initialization suboption DEFALT is chosen, the program logic
automatically initializes the B-matrix so that a matrix of rank KDIM re-
sults. The suboption RESTRT can only be chosen after one of the initial-
1za£ion suboptions CHANAL, VECTOR, or DEFALT has been chosen and nominal
program execution of suboption SUBSP has terminated. This occurs whenever
a convergence tolerance test is passed (the change in the absolute value
of the difference of the B-average divergence corresponding to two succes-
sjve evaluations of the gradient is less than .1) or whenever the conver-
gence tolerance test is not passed prior to 400 distinct evaluations of
the B-average divergence. In either case, the user must input

TOL - the desired convergence tolerance.

Then the iteration counter is set back to 1, and suboption SUBSP is execu-
ted until nominal program termination occurs.

If suboption REPLCE is chosen, the best KDIM channels are displayed
such that the first one displayed is the "best" single channel in that the
average divergence is maximized, the second channel displayed when combined
with the displayed first channel is the "best" pair of channels,.......... .
and the last channel displayed when combined with the previously displayed
channels are the best KDIM channels. Also displayed on the same line as
the i'th best channel is the average divergence for the combination of
channels one througn i, ana the ratio of this average divergence to the aver-
age divergence computed using all the available channels. Displaying the
KDIM best channels constitutes nominal termination of suboption REPLCE.

If suboption CANON is selected, the user must only input KDIM, the
number of 1inear combinations of the n-channels to be determined. The k
by n B-matrix is automatically initialized to correspond to the best k out
of n channels as determined by the "Without Replacement Procedure". This
is accomplished by transforming the data with a non-singular transformation
(Reference 7). This non-singular transformation corresponds to a permu-
tation of the original channels so that the resulting channel i does not
necessarily correspond to the original channel i. Thus, it is recommended
that suboption CANON be the last suboption executed within the FEATSL
option.
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In each of the suboptions, the user is allowed to input the interclass
weights so that the weighted B-average divergence may be maximized. The user
is asked to "type yes to input interclass weights". If anything but a yes
is typed, the weights remain unchanged (preset to 1.0}. If the user's
response is yes, the weights may be input by namelist $INFEAT. The weights
are input into a 10 by 10 array A. Note that A(i,j) represents the weight
for the i-jth class pair. Since A(i,j) = A{j,i}, an input restriction is
that i be less than j. All interclass weights not input are set to 1 or to
0, depending on the value of the namelist parameter IFLG (1 or O respectively,
default value is 1).

Upon nominal termination of any suboption, the following parameters are
displayed

MAX. - The average divergence computed using all the
channels

AVER. DIVER - The average divergence computed using the optimal
B-matrix {suboption SUBSP) or the best KDIM
channels (Suboption REPLCE)

RATIO - The ratio of AVER. DIVERG over MAX.

Since a given KDIM channel combination constitutes a B-matrix, both
the optimal B-matrix or the best KDIM channel combination will be referred
to below as “the B-matrix". At this point, the user is given the option to
display the pairwise interclass divergences. If the user types YES the
program will display for all distinct class pairs, the interclass divergence
computed using all the channels, the interclass divergence computed using
the B-matrix, and the corresponding ratio of these interclass diveragences.
Then the user is given the option to display the "Separability to be Gained
Map”. If the response is YES, the following parameters may be input by
namelist $INPUT,

MAXX - Maximum value of the interclass divergence computed

using all the channels to be displayed by the Separa-
bility to be Gained Map. (Preset to 1000)

ICODE - Determines size of the Separability to be Gained Map.
(Preset to 1)

0; batch run
1; interactive run
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ILABLX - Allows user to type in a label for the X-axis
ILABLY - Allows user to type in a label for the Y-axis.

At this point the user can display the transformed signatures (means
and covariances} by typing YES. The transformed signatures for all the
classes, computed in the subspace spanned by the rows of the B-matrix are
displayed. The transformed signatures can also be stored on a signature
file for future use by other options in ASTEP. The B-matrix {transforma-
tion matrix) can be displayed and/or stored on a signature file in a simi-
lar manner.

When stored on a signature file, the kxn B-matrix is transposed and
stored in the covariance matrix position on the file. The remaining space
in the nxn covariance matrix position is filled with zeros. The mean vector
position on the file is filled with zeros. The k-dimension of the B-matrix
is placed in the location normally used for the number of pixels used in
the signature generation NUM(1). The dimension in the signature file, ND,
is set to n. The original n channel numbers are stored in the signature
file as K(I), (I=1,...,n).

When the B-matrix is retrieved in the TRNSFM option, these channel
numbers are compared with the channel numbers on DATUNT. If the channel
numbers disagree, the user is informed that a discrepancy exists and is
asked for another B-matrix name.

If suboption SUBSP has been executed, the user may now choose any of
the available FEATSL suboptions. For example, the user may wish to find
the optimal B-matrix for a different value of KDIM, and thus would reselect
suboption SUBSP. If suboption REPLCE has been executed, then upon completing
the output options the user is given the option to continue suboption REPLCE.
If the user's response is YES, he must input a 1-digit integer corresponding
to the number of additional channeis to be selected. For example, if 2 is
input, the best KDIM + 2 channels will be obtained. When the user even-
tually elects not to continue suboption REPLCE, control is returned to the
FEATSL driver and the user may select any of the available FEATSL suboptions.

FEATSL-5



FEATSL OPTION
SAMPLE INPUT AND CORRESPONDING QUTPUT:

ENTER ASTEP OPYION OR TYPE A BLANK
>FEATSH

FEATSL OPTION

CHOOSE FILE NUMBER FROM t OR 2 QR CHOOSE O TO QUIT»
»2

INPUT YES TO PRINT SIGNAYURES RETR]EVED FROM FILE 2
>YES

LIST NAMES FOR SIGNATURESs END LIST WITH NOMORE.
>S14G])

51G1 ND = |2 K = 1 2 3 4 5 & 7 8 910 11
NuMil) = 100

MEAN t BY 12
} 2 3 4 5
{ 84,830 794750 414550 62,320 85,630
7 8 9 10 1
} 44.400 834540 69880 8l.810 93,840
COVMAT 12 BY 12
1 2 3 y 3
} 64730 S«40D 3,950 3,080 T.6%0
2 5,400 74590 3,850 4,180 8,250
3 3960 31.850 3,780 2.,740 S5+400
4 e840 qvlpﬂ 2:740 J.780 4,100
s 7.690 B+250 S.400 6.100 14,050
[ 7.030 7:24p S5¢140 5,830 11,720
7 4,680 5.080 3,560 3,850 7.540
8 64940 Te940Q 5+190 6,050 12.070
g 4970 Se940 3,800 4. 400 8,200
10 5.610 6590 4,470 5,140 10,4930
11 5.650 5:910 4,580 4,540 10,210
12 2.300 2+740 1+590 2,170 5.060

FEATSL-6
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73.750
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74030
Te940
S5e140
5.830
11.920
13.020
7T.630
114980
8+7%0
10730
11+4670
é.1%0



7 8 9 10 i1

| Y4.,68p 6e 940 4.970 5.410 S+450
2 S.080 7940 5+740 64590 S+710
3 35460 S.s190 3.a00 H.%70 4,550
4 3,850 6050 4,400 S.140 44540
5 7.540 12.070 8+700 10.430 10.210
6 T+630 11980 8.790 10,7230 11.670
7 S.890 7+780 5,980 7:260 7,480
8 778D 14190 10,080 11.740 7.600
9 S5.980 10+050 2.170 ?.280 6,130
10 - Te240 11.740 ?+280 13,1to 10,390
1] 7+4%48D 9600 4130 10.,3%0 284440
12 1.580 Se420 3.710 S$.,790 7.370
>NOMORE

CHOQSE FILE NUMBER FROM | oR 2 OR CHOQSE 0 TO QUIT.
>2

INPUT YES TO PRINT SIGNATURES RETRIEVED FROM FILE 2
»NO

LIST NAMES FOR SIGNATURES. END LIST WiTH NOMORE,
>514G2

S1G2 ND = |2 K = 1 2 3 4 5 6 7 8 9 10 11
NUM(L) = 100
>»s1G63

S1G3 ND = 12 K = 1 2 3 & 5 & 7 8 9 1011
NUM(]) = i0o0
»>516G4

SIGY ND = |2 K = 1 2 3 4 5 6 7 8 9% 1011

NUM(]) = 100
>5165

$1G5 ND = 12 K = | 2 3 4 5 & 7T & 910 11
NUM(L) = 100
>SlGes

S1Gé6 ND = 12 K = ! 2 3 4 5 & 7 8 9 10 11

NUM{]) = jo00
»>51aG7

sie7 ND & |2 K = I 2 3 & S &6 7 8 91011
NUMI1) = 100
»51G8

5168 ND = |2 K = 2 3 4 5 & 7 @ 9 1o 1)
NuUMil) = 100
>S5169

FEATSL-7
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2300
2¢74D
1590
2+170
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S.420
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9,720



31679 N = 12 K = i 2 3 % S & T 8 9% 1011 12

numig) = 100
>NOMORE

CHOOQSE FTLE NUMRER FROM | OR 2 DR CHODSE 0 TO QUITs
>0
9 5lGNatup€s HAvE BEEN RETRIEVED

CHOOSE FEATURE SELEcTION GPTION FROM
SULSP  RpPL.g  QUET
CANDN

*»REPLCE

SINFEART TCHAN (BMX KD IM, TOL AT WJ)s1FLG

NUMBER 0OF CHANNELS SELECTED wllL BE 7
TYPE YES IF InNPUTS ARE nNK
>YES

TYPE YES TJO INPUT [INTERCLASS WEIGHTS

>NO

CHANNEL SELECTED=12 AVERAGE DIVERGENCE®™ 442513
CHANNEL SELECTED= 9 AVERAGE DIVERGENCE= 57,368
MAXes A70.917 AVERs DIVERGw™ 155,348 RATIO= .418%

TYPE YES TO DIsPLAY INTERCLASS DIVERGENCES
>0

TYPE YES TO pISPLAY SEPARABILITY TO BE GAINED MAF
»YES

SINPUT MAxxs 1LABLX, ILABLY, 1CDDE
MakX = 1QUg 1CO0DE = |
MAXIMUM 14TERCLASS DIVERGENCE D(I 44} tA=-ax1S1

INTERCLASS NIVERGENCE FROM BESYT 2 CHARNELS (Y=8i1%}

TYPE YES 1F InNpuld ARE 0k
>YLS

FEATSL-8
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L4 INTERCLASS DIVERGENCE FROM BEST 2 C
L4 HANNELS (Y=AXI[S) *
. vs
. MAXTMUM INTERCLASS OIVERGENCE D{lsy) (X~ .
. AX1s5)
870+ »
*
- [
L ]
. "
L ]
725+ .
L ]
- .
]
. »
»
Sage .
]
. -
®
L] .
.
43S+ .
*
] .
[
» .
hd 11
2%0+ [
[
. . 1
.
» *
. 1
145+ . 2 1l i
. 1 i
» 'S i
. 1 111
LI I 1 11y
. Iy 1111 1
+8 4 8 4 4 & 8 B B4 & A & 4 B B ¥ B % 8 4R RS SEE WO
a 145 290 435 S80 , 725 870 i0ls
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TYPE YES TO DISPLAY TRANSFORMED COVARIANCES AND MEAN VECTORS
>NO

TYpE YES Ty SAVE TRANSFORMED SIGNATURES gy SIGHATURE FILE

NO

>

TYPE YES TO plISPLAY FEATURE SP,LcE MaATRIX
>N

TYPE YES TO SAVE B=MATRIX ON SIGNATURE FILE
»NO

TYPE YES TO CONTINVE THE WITHOUT REPLACEMENT PROCEDURE
»NO

CHOOSE FEATURE SELECTION OPTION FROM

SUBasP REPLCE QUIT
CANON
>SUBSP

TYPE IN ODIMENSION OF FEATURE SPaCe

SINFEAT TCHANBMX yKDIMTOL  ALT 4 Jd)s]IFLG
SELECTED OIMENSION EQUALS 5
TYPE YES I[F .INPUTS ARE DK
»YES
INITIALIZE THF B=MATRIX BY SELECTING ONE OF THE FOLLOWING OPTIONS
CHANAL VECTnR DEFALT RESTRTY
0EFALT
TYPE YES TO INPUT INTERCLASS WEIGHTS
>NO
MAXem 370.917 AVERe DIVERGH™ 362,202 RATIO®= 49765

TYPE YES TO DISPLAY INTERCLASS DIVERGENCES

>YES

CLASS MAXIMUpM COMPUTED RAYIOQ
1 2 30.9 274 +8871
} 3 1348 130¢8 9706
1 L] 29847 2904 2729
i 5 1919 18444 9618
} s 18845 1824 96463
) 7 1072 10347 19679
l 8 24702 24448 199023
| 9 2064+ 4 196+4 9522
2 3 1647 1564 29510
2 4 4448 4352 +9783
2 S 799 87«4 sB748
2 6 8leb 677 18299
2 7 152+) 184+ *+9458
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m\‘qo@&mlﬂmmt-ﬁl“uuuhuu NN
VOO NDE ANV ENTVOE N 0@

59244
J14.e]

1317
1284
1702
13144
4443
|1Bhe?
10524
12280
29248
410¢%9
28] 45
2604
275446
16455+3
R8le%
2604
17489
54662
22501
472
2918

§85,.5
301+
12849
12002
1554+
1265
435,85
1732
10074
12163
2854
3931
27Ge9
2449
2660
16504
56442
25343
178342
S464 4
2185
432
2772

+ 9804
%602
«?782
|93§2
21?146
e9612
+9802
72869
9948
+ 9905
23755
093547
9425
+ 9420
« 9455
9971
29495
9727
9948
+ 945
«9710
+9152
7499

TYPE YES TO DISPLAY SEPARABILITY T0 BE GAINED MAP

>YES
SINPUT MAXX, ILABLX,
MAXX = 400 ICODE = |

[LABLY, ICODE

MAXIMUM INTERCLASS DIVERGENCE DUl u)

S«D FEATURE SpACE

TYPE YES IF INMPUTS ARE 0K

>YES

FEATSL-11
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L] 1 S=n FEATURE SPACE ]
. [ l
. ¥S ’ 1
. —MARIMUM - INTERCLASS DIVERGEKCE Df{laJd) (X~ .
. AXlS)
510+ .
»
. )
»
» -
» 2
425+ .
»
. ] ]
L]
. .
»
J4D+ .
[ ]
. -
. It
® . 2
. 1}
255+ s |
- ]
. .
» ]
. LI |
. é
V70+ s ]
. 11
» o 1
. 3
. - 1
. 1
85+ LI |
. 1
L [
. }
. @2
.
4 # & 8+ 8 6 Bt 8 B T & 0 B 0 s 8 B B 4 8 B 0 S4B 6 & 8 #
(+} -1 170 255 IND 425 5)0 598
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TYPE YES TO OISPLAY TRANSFORMED COVARIANCES AND MEAN YECTORS

>NC
TYPE YES TO SAVE TRANSFORMED S51GNATURES oN SIGNATURE FILE

>NO

TYPE YES TO DISPLAY FEATURE SPACE MATRIX
>NO

TYPE YES TO SAVE B=MATRIX ON SIGNATURE FILE
>NO

CHOOSE FEATURE“SELECTION OPTION FROM
SUBSP REPLeE QUIT
CANON
»QUIT
THE OPTION FEATSL REQUIRED SBel4ba SECONDS OF CPU TIMES

--l'-.'--ﬂ---------Q'--G-----Q--ﬂﬂqﬂ--------QQ----O-----ﬁ.‘.
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FEATSL ENGINEERING DESCRIPTION

The purpose of option FEATSL is to determine a linear transformation
which reduces the dimension of the data to be processed from n to k, where
k is less than n.

It is desired to maximize the average divergence DB’ for m-distinct

classes.
m=-1 m
Dg = ¢ Z Z Dg(1,3)
i=1 j=i+]
where EI : a constant equal to 2/(m2-m)

!B(i,j): the transformed interclass divergence for classes 1 and j.

Define the weighted average divergence to be

m-1 m
i=1

j=i+1

where Cjj = Cj; are suitably chosen weights.

The weighted average divergence may be written as

-~

m
<1 Ty-1 T -
Dy = 1/2 ¢y tr :E: (BAiB ) (B S; B g -k ¢y S,

i=1
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where

tr : denotes the trace of a matrix
B : ak by nmatrix of rank k

A, : an n by n positive definite covariance matrix for
the i'th class

My an n-dimensional vector representing the mean of
the i'th class
6_ij: Hy - pj
m
. E : T
S] : C_IJ[AJ Sijsij]
j=1
J#i
m-1 m
D S 3
i=1  j=i+l

Note that the weights are "absorbed" by the matrices Si’ i=1,...,m,
so that functionally the weights do not affect the probiem. However,
numerically the weights will affect the solution, i.e., that B which maxi-
mizes DB'

Thus, for a given set of weights Cij’ it is desired to maximize the
weighted average divergence DB. Unfortunately, the best B cannot be ob-
tained analytically and must be obtained numerically. Thus, the gradient
of DB must be computed. It is readily verified that

I 1

——
Qx| o
|5
o
h S
.—'
n
Ot
—
3

T Ty-1 T T,
[siB - h; B (B s B ) (B S; B )}(B Ay B )
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The above expression is a matrix corresponding to the transpose of the par-
tial derivative of DB with respect to B. By using the above expression
for the gradient and iteratively changing the B-matrix in accordance with
Davidon's algorithm (Reference 8) it is possible to satisfy, while in-

creasing DB’

i.e., it is possible to obtain a B-matrix which maximizes DB‘ However, this
may not necessarily be a global maximum. Thus, it is recommended that the
best k out of n channels be chosen as the initial guess for the B-matrix.
This will increase the probability that the maximum found iteratively is the

global maximum.

An output option, available to the user, is to display the so-called
interclass divergence resulting from the best linear transformation B (again,
B is a k by n matrix which may correspond to the best k channels). The
B-interclass divergence between classes i and j is defined as

T

DB(i,j) = 1/2 tr {(BAiBT)-]B(A. + 6 )B

it %%
Ty-1 T
+ (BAjB ) B(Ai + dijﬁij)B } -1

The average divergence between classes i and J computed using all the
channels is
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h

C oy -1
D(i,j) = 1/2 tr { A (Aj + 61j51j

It is noted that:
D(i,3) = Dg(i,J)
and

m-1 m

DB“(TE)_%W)Z 2. Dg{i3)

i=1  j=iHl

Thus, defining

=
1}

m-1 m
() e 2 ot
1

i=]  j=i+]
it follows
DzD

The program always displays the ratio

FEATSL-17

=1 N
+ Aj (Ai £ 8

i

T
3813 )} -1



DID

W
7
—

and the user has the option to display

Dg(1:4)
D (i.3)

for all distinct class pairs.

It is noted that the B-interclass divergence DB(i,j) is a measure of
the "separability" between classes i and j, with in general, the larger the
interclass divergence, the easier it is to distinguish between these classes.
Since D(i,j) - DB(1,J) 2 0, this difference is a measure of the "separability
lToss" for this class pair by performing the transformation ¥ = Bx. Thus, it
is desired to make the difference D(i,j) - DB(i,j) small for each distinct
class pair. For a given k and "best" B obtained from any suboption, the
user can graphically display the concept of separability by displaying
what is called a "Separability to be Gained Map". Thus, consider a coor~
dinate system whose (y-coordinate) ordinate (for a fixed value of k) is
DB(i,j). The abscissa (x-coordinate) is the value of D(i,j). The Separ-
ability to be Gained Map displays for each distinct class pair a point whose
x-coordinate is D(i,j) and whose y-coordinate is D g(1,3). Also displayed
is a diagonal line corresponding to D(i,j) = D (1,3) Thus, the distance
of a given point from the diagonal line represents the separation to be
gained for this class pair. Ideally, the B-matrix should make this separ-
ation to be gained small for all distinct class pairs.

Canonical Formulation

Note that since B is a k by n matrix, kn distinct elements or para-
meters must be determined by the optimization program, so that D is maxi-
mized. 1In this case, the Davidon technique iteratively updates an array H

FEATSL-18



of dimension kn by kn to obtain the best B. Thus, to conserve computer
storage the product p - kzn2 must not be too large. Note that when k = 12
and n = 24, p = 82,944, and if H is a double precision variable, then 165,888
decimal words of computer storage must be allocated for H. This is clearly
prohibitive; yet it is desired to be able to solve the feature selection
problem when k < 12 and n = 24. This can be accomplished as described be-

low.

Let Q be a nonsingular k by k matrix. Then QB is a k by n matrix of
rank k, and it is readily verified that DB = DQB' In particular, if B = ( R S)

where R is a k by k nonsingular matrix, let Q = R™'. Then it follows that

-1

QB = (Ik R'S)

1

where I, is a k by k identity matrix and R™'S is a k by n-k matrix. Thus,

letting

where B is a k by n matrix, it follows that only k{n-k) parameters must
be determined - namely the elements of the matrix T = R']S, where T is

a k by n-k matrix. The optimization problem is reformulated as: find

é such that Dé is a maximum. It is readily verified that if k £ 12 and

n = 24, then at most 144 parameters must be determined, so that (144)2 =
20,736 words of computer storage must be allocated for H. It has been
experimentally determined that the H matrix need not be double precision,
so that only 20,736 words of computer storage must be allocated for H.
Also, only a given row of the H-matrix need be used at a time, so that it
it convenient to store the H-matrix on a temporary storage device. Thus,
the following procedure was applied for solving problems when k ¢ 12 and
n < 24:
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1) Write or read the first 72 rows of H from temporary storage
device

2) MWrite or read the last 72 rows of H from temporary storage
device

3) MWrite or read the statistics Bss Si’ and u; from temporary
storage device

Note that if H is small, i.e., less than 73 rows, then step 2 is omitted.
Also, by judiciously using all 3 steps only 10,368 decimal words of data
storage are necessary to accomodate the H-matrix and all the statistics

for as many as 10 distinct classes with covariances as large as 24 by 24.
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FEATSL

ENTER WITH

I1 | DEFINE UNIT NUMBERS
12 | OF SIGNATURE FILES

]
RETRIEVE SIGNATURES

CALL REDSIH {.vvvsueaal}

RETURN WITH

XMEAN - CLASS MEANS

COVAR - CLASS COVARIANCES

ICLSS - NUMBER OF CLASSES

N - DIMENSION OF CLASS MEANS

INFORM USER TO
SELECT OPTION

VALID
OPTION

GO TO APPROPRIATE STATEMENT
NUMBER CORRESPONDING TO OPTIGON

l

@ GPTION=QUIT TYPICAL OPTION
WITHIN FEATSL

PERFORM REQUESTED
RETURN DATA INITIALTIZATION

CALL SHUTLE(.......}

FEATSL 1 of 6
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REPI.CE OPTION

SET LOGICAL FLAGS

1
1
1

INIT
10UT
ICUR

INSTRUCT USER TO INPUT
NUMBER OF CHANNELS DESIRED

READ $INFEAT

YES

INSTRUCT USER
KDIM MUST BE -
LESS THAN NN+1

NO

WRITE KDIM

\

TELL USER TO TYPE
YES IF INPUT OK

NO
YES?

YES

EXECUTE WITHOUT
REPLACEMENT PROCEDURE

CALL SHUTLE (...... .)

FEATSL-22
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SUBSP OPTION

SET LOGICAL FLAGS

INIT =1
IOUT = 1
ICUR =0

INSTRUCT USER TO INPUT
DIMENSION OF FEATURE SPACE

READ SINFEAT

INFORM USER
KDIM MUST BE
LESS THAN 7

NO

WRITE KDIM

TELL USER TO TYPC
YES IF INPUT DK

ND

YEfj””,,

YES

]

INITIALTZE THE B-MATRIX

INFORM USER TO
SELECT SUBOPTION

FEATSL-23
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b2-1SL1vad

SET TO ZERD

XBAR - YECTOR OF OPTIMIZATION
PARAMETERS

BMX - SINGLE PRECISION YECTOR

{

PRESET CONVERGENCE TOLERANCE

TL = .1

SUBOPTION
= DEFALT

INITIALIZE VECTOR
QF OPTIMIZATION PARAMETERS

NG
SUBOPTION

SUBCPTION  VECTOR

=CHANNAL

YES

HAS BEEN CHOSEN

INFORM USER TO INPUT
DESIRED CHANELS

READ §INFEAT

!

WRITE OUT CHAMELS SELECTED

WRITE ICHAN

l

INFORM USER TG TYPE
YES IF INPUTS 0K

YES

INFORM USER TO INPUT
DESIRED VALUES FOR
OPTIMIZATION PARAMETERS

READ SIMFEAT

!

WRITE QUT YALUES SELECTED

WRITE BMX

¢

INFORM USER TO TYPE
YES IF INPUTS OK

YES

INITIALIZE OPTIMIZATION PARAMETERS IN
ACCORDANCE WITH CHANNELS SELECTED

INITIALIZE VECTOR OF
OPTIMIZATION PARAMETERS

FEATSL 4 of &
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SUBOPTION RESTRT
HAS BEEN CHOSEN

10UT = 0
INIT=10

i

INTERCLASS
WELGHTS

DESIRED?

YES

[NSTRUCT USER TO INPUT
INTERCLASS WEIGHTS

READ $INFEAT

!

TELL USER TO TYPE
YES IF INPUT QK

YES?

YES

COMPUTE 5-MATRICES
SINCE A-WEIGHTS WERE
INITIALIZED OR CHANGED

COMPUTE NN-DIMENSIONAL INTERCLASS

CIVERGENCE

N = NN*KDIM
CALL SHUTLE (vvewens )

INFORM USER QF EXISTING
CONVERGENCE TOLERANCE

WRITE TOL

uT = Q

DELF = TOL

# DENOTES THE NUMBER OF )
PARAMETERS 7O BE OPTIMIZED

INFORM USER TO TYPE IN
DESIRED CONVERGENCE TOLERANCE

SET H-MATRIX EQUAL TO ThHE
IDENTITY MATRIX

READ $INFEAT

4

I

BEGIN ITERATIONS NECESSARY TO

OBTAIN FEATURE SPACE

HRITE OQUT VALUE SELECTED

CALL DAVIDN

WRITE TOL

RETURN WITH OPTIMAL B-MATRIX

INFORM USER TO TYPE
YES IF INPUT IS OK

0]

YES

l

COMPUTE INTERCLASS DIVERGENCE

IN FEATURE SPACE

00T = 2
CALL SHUTLE {..... o)

FEATSL-25
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CANON OPTION

SET LOGICAL FLAGS

INIT=1
10uT=2

[NSTRUCT USER TO INPUT
DIMENSION OF FEATURE SPACE

READ $INFEAT

KDIM x (NN-KDIM)
> 149

KDIM 15 NOT
A YALID CHOICE

TELL USER TO TYPE
YES IF INPUT OK

WERE BEST NO
KDIM CHARNELS

DETERMINED?

CALL SHUTLE {.....

YES WAS DATA
PREV]IQUSLY

TRANSFORMED?

TRANSFORM THE DATA

I

EXTEND B-MATRIX T0
A NONSINGULAR
TRANSFORMAT 10N

]

CALL SHUTLE {.....)

KDIM x WN » 144

SELECT KDIM
BEST CHANNELS

FEATSL-26
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SHUTLE

ENTER WITH
COVAR - CLASS COMARIANCES
XMEAN - CLASS MEANS

ALFA - VLCTOR OF PARAMETERS
10 BE OPTIMIZED

IPART = DERIVATIVE FLAG
L} - NUMBER OF PARAMETERS

TG BE OPTIMIZEC
INIT - INITIALIZATION FLAG
KOIM - FEATURE SPACE DIMENSION
KK DIMENSION OF CLASS MEANS
ICLSS - NUMBER OF CLASSES
10Ut - QUTPUT FLAG
ICUR - OPTION FLAG

ONLY AVERAGE DIVERGENCE TO BE W 'ES
COMPUTEL?

[{0]

DETERMIAWE DIMENSION OF VECTCRS
USED TO COMPUTE THTERCLASS

UIVERGENCES
8CST KOIM CHANNELS TO BE vEs
COMPUTED?

lm

< TRANSFORM ALL DATA7

1 w0

YES

COMPUTE AND STORE TRANSFORMED
COVARIANCES, INVERSE COVARIA -
NCES AND MEANS FOR ALL CLASSES

COMPUTE [NTERCLASS DIVERGENCE

FOR CLASSES 1 AND J AS DIVER(11,J0;.
COMPUTE AND STORE AVERAGE DIVERGENCE
TH DOVTI0UT)

Ho
< 1007-2

YES

COMPARE KDIM=DIMENSIONAL AVERAGE
DIVERGENCE DDV(Z) WITH NM-OIMENS]1ONAL
AYERAGE DIVERGENCE DDV(1)

RATI0 = bOV(2)/D0V(1)

RATIO NUST BE LESS TIAN OR
EQUAL T0 1.0

l

WRITE QUT
DEV(1} ,D0V{Z),RATIO

WISPLAY THTERCLASS w0
DIVERGENCES AND RATI0S?

YES

WRITE OUT AND COMPARE
KDIM-DIMENSIONAL AND
NN-DIMENSIONAL INTERCLASS
DIVERGENCES FOR ALL
DISTINCT CLASS PALRS

FEATSL-27

DISPLAY SEFARABILITY 10 BE no
GAINED MAP?

YES

tUE USER FOR
SINPUT [HPUT

READ $INPUT AND
DISPLAY DATA

| DISPLAY SEPARABILITY TO

BE GAINED MAP

TRANSFORMED WEANS AND CO- NG
VARIANCES TD BE DISPLAYED

AND/OR STORED ON SIGHATURE

FILE?

IYES

I SET APPROPRIATE FLAG ]

1

l DISPLAY AND/OR STORE TRANS- |

FORMED COVARIANCES AND MEANS

I Yes

l SET APPROPRIATE FLAG

FEATURE SPACE MATRIYX TO BE Ny
DISPLAYED AND/OR STORED CH
SIGHATURE FILE?

DISPLAY AND/OR STORE FEATURE
l SPACE MATRIX

USE WITHOQUT REPLACEMENT Yes
PROCEDURE?

g

RETURN

SHUTLE Y of 3



©

CONTINUE DPTION ha RETURN CHANNEL NUMBER IMAST
REPLACE? WILL BE TESTED

YES

[NFORM USER TQ INPUT THE
NUMBER OF ADDITIONAL
CHANHELS TO BE SELECTED (IK}

READ IK

YES
FDIM + IR = NN

NG

INFORM USER THAT THE BEST
SET OF CHANNELS WILL BE
SELECTED

SELECT THE BEST
ICUR CHANNELS

RESET CHANNEL COUKTER
{IMAST) TO ZERO

UPDATE CHANNEL
COUNTER

|

iS5 CHARNEL NUMBER
[MAST ONE OF THE
PREVIQUSLY SELECTED
BEST (ICUR-1)
CHANNELS?

NO

“, YES
IMAST » HN

YES

O,

SET COVARIANCES AND
S-MATRICES FDR THIS
[CUR CHANNEL COMBI-
NATICN

COMPUTE AVERAGE DIVERGENCE
FGR THIS ICUR CHANMNEL
COMBINATION

RETAIN MAXIMUM AVERAGE
DIVERGENCE AND CORRES-
PONDING CHANNEL

|

YES
IMAST < NN

NO

RETATN BEST CHANNEL
AS THE ICUR'TH SAVED

DISPLAY CHANWEL SELEC-
TED, AVERAGE DIVERGENCE
FOR THIS ICUR CHANNEL,
AND RATIO

NG
ICUR = KDIN
(::::)____________._ YES

STORE BEST KDIM CHAMNELS
S0 THAT INTERCLASS DIVER-

GENCES CAN BE COMPUTED

SHUTLE 2 of 3
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<:Ez:) (::£:>
Yes STORE OPTIAIZATION PARA-
1CUR RETURN METERS 18 B-MATRIX
o (::}________.

REPLCE OPTION LOGIC

"
f=

DETERMINE WHICH SINGLE
CHANNEL TAXIMIZES THE

AVERAGE CIVERGENCE

TRANSFORM THE DATA

RESLT CHANNELS SELEC-
TLD FLAG TG ZERO

COMPUTE AND SAVE FOR CLASS [1
TRANSFORMED S-MATRIX AHD
ERVERSE OF TRANSFORMED COVARIANCE

SAVE GEST SINGLE CHANNEL
IN IHH{1}. SAVE AVERAGE
DIVEHGENCE FOR THIS j To-1
CHANNEL It DOV(2) BA2 = (BrB)

- T
AA3 = BSIIB

RAT1O=DDV{2} /DDY(1)

o}

SHOULD PARTIAL DERIVATIVES
BE COMPUTED?

YES

WRITE 1HH(1}, DDV(2),RATIO

COMPUTE CONTRIBUTION OF CLASS TI
TO AVERAGE DIVERGEMCE
UPDATE AVERAGE DIVERGENCE

YES
K0T

NG
COMPUTE DERIVATIVE OF 11 SUMMAND
OF AVERAGE DIVERGENCE WITH RESPECT

SELECT BELOW BEST KD1d CHANKELS 08

GLVEN THAT CHANNEL IHH(1} 1S
THE BEST SIKGLE CHANNEL

. T T Ty-1 T -1
BAd = [S[[B - a8l (oay 81 Ves 8T) ] (8, 8"

D
(::::) UPDATE AND STORE PARTIAL DERIVATIVE

AS A VECTOR FNTX

UPDATE 1I

 H¢
11 » ICLSS

e

YES

AUJUST AVERAGE
DIVERGENCE

‘ RETURR )

SHUTLE 3 of 3
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DAVIECN ]

0€-T1S1y3d

ENTER WITH | UPDATE ITERATION COUNTER
N - NUMBER OF PARAMETERS *
T0 BE OPTIMIZED
XBAR - YECTOR OF PARAMETERS SET FLAG TQ COMPUTE
T0 BE OPTIMIZED [ COMPUTE SEARCH DIRECTION P l PARTIAL DERIVATIVES
‘ & IPART = 1
SET ITERATION COUNTER
TO ZERD BEGIN SEARCH, SET FLAG
SO THAT PARTIAL DERIVATIVES
‘ ARE NOT COMPUTED I CALL SHUTLE(FNT,IPART;_]
SET FLAG TG COMPYTE 1PART = -1
PARTIAL DERIVATIVES
‘ UPDATE ITERATION COUNTER l
IPART = 1 *
‘ PDATE PARAMETERS I
UPDATE UPDATE N BY N POSITIVE
CALL SHUTLE(FHT,IPAR;;] DEFINITE H-MATRIX IN
ACCORDANCE WITH DAYIDON'S
‘ ALGORITHM
MINIMIZE FNT AS A
FUNCTION OF XLAMDA
RETURN WITH MINUS ONE TIMES THE B-AVERAGE Ok 0
DIVERGENCE (FNT) AND THE PARTIAL DERIVATIVE L ENT . IPAR
(FNTX) OF FNT WITH RESPECT TO ALFA CALL SHUTLE (FNT,LPART)

RETURN

IiPDATE [TERATICON COUNTER ]

|

af{FHT} |,
TTXLAMBAY|™

SYSTEMATICALLY CHANGE THE
VALUE QF XLAMDA TO MINIMIZE FNT

1

UPDATE ITERATION COUNTER

DAVIDN 1 of 1



Using the HSGRAM Option

The HSGRAM option computes and displays the histogram of up to three
channels of an input data set. The user selects:

1)

2)

NXC g

(83 B R S

The class within the data set to be displayed. Inputting a '+’
sign indicates all classes.

The specific channels to be considered. It is to be noted the order
in which the channel output is displayed is determined by the order
of their input. That is, the first channel corresponds to the X
direction, the second to the Y direction, and the third to the Z

planes. The following example shows the orientation of the X and
Y directions.

7 PLANE 2 ZL (lower limit) = nnn.nn  ZU (upper limit) - nnn.nn

123456 NC(Channel) ¥

LI S A S S S A L4

(Channel)

3)

The

X

The 1imits and the number of subdivisions for each direction in
the following way:

o The three values of each variable XMIN and XMAX are the mini-
mums and maximums acceptable for each of the X, Y, and Z
directions.

o The three values of NXC, NYC, and NZP specify the number of
subdivisions for the acceptable regions of the X, Y, and Z
directions.

following is a more detailed description of each input variable:

HSGRAM-1



XMIN

XMAX

NXC

NYC

NZP

KCH

3 values which set the lowest values of X, Y, and Z which will
he considered

3 values which set the highest values of X, Y, and Z which will
be considered

number of cells which are to be in the X-direction - maximum
of 20

number of cells which are to be in the Y-direction - maximum
of 20

number of planes in the Z-direction. The printing will consist
of one plane at a time. There is no limit of Z planes.

which components of the data vector which are to be used in
making the histegram (note that these channel numbers do not
relate to the original packed data set, but represent the
sequential numbers of channels in the extracted, unpacked data
set. For example, if channels 1, 6, 9, 10, and 12 were extracted,
KCH values 1, 2, and 4 would specify the channels 1, 6, 10 of

the original data).

The output consists of a histogram for each Z plane and the summary

values

NX

total number of data points in the set

NP - number of points included within the histogram limits

To exit this option one types a blank when asked for a new symbol.
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SAMPLE 1.

HSGRAM OPTION
SAMPLES OF INPUT AND CORRESPONDING QUTPUT:

A one dimensional histogram.

ENTER ASTEP OPTION OR TYPE A BLANK

>HSGRAM

HSGRAM OPTION

INPUT SYMBOLS FOR CLASSES,

>C

HISTOGRAM FOR C

SINHIST
$SINHIST
AMIN
XMAX
NZP

NXC

NYC

KCH

SEND

XMINyXMAXsNZP s NXCoNYC o KCH

+63000000E+D2, «+00000000E+DD

+7%00000DE+Q2, «25500000E*D3
+]
+17
]
+3, +4,

TYPE YES IF INPUTS ARE 0K

>YES

HSGRAM-3
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2 PLANE i iL = +00 Iy = 255.,00

!

2 3

] 17

4 52

5 167

6 255

7 30l

8 234

9 27%

10 225

11 184

12 127

13 101

14 43

15 21

14 3

17
NX = 548]) NP = 2092
THE OPTION HSGRAM REQUIRED 1.7804 SECONDS OF cPU TIME.
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SAMPLE 2. A two dimensional histogram,

ENTER ASTEP OPTION OR TYPE A BLANK
PHSGRAM

HSGRAM OPTION

INPUT SYMBOLS FOR CLASSES.,

>C

HISTOGRKAM FOR C

SINHIST XMINSXMAX I NZPsNXCaNYCy KCH

SINHIST

XMIN = «63000000E+D2, +65000000g+02,
XMAX = «770D0U0ODNE+D2, +281000D0CE*D2
NZP - +] :
NXC = *17

NYC = +17

KCH - +3 *4
SEND

TYPE YES IF INPUTS ARE 0K

>YES

HSGRAM-5
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I PLANE 1 IL = «+00 ZU = 255,00

b 2 3 4 S & 7 8 9 10 LY 12 13 l4 15 146 17

!
2 [ {
3 2 1 1 P4 4% 3
4 } 2 3 4% &6 4 1 8 9 B 4 ;1
g 1 5 B }1 7 20 13 17 33 26 13 2 5 4 1
6 & 2 10 20 2& 27 3] 35 37 27 13 & 9 3 2
7 4 & 16 22 29 3) 24 26 50 %0 14 12 3 3 4
8 1 5 3 5 (4 27 32 43 32 139 50 23 11 5 12 4
9 S & 13 28 1% 19 27 23 38 45 12 9 10 & 5
10 2 4 12 12 12 12 24 25 19 27 31 20 5 & 3 )
11 & 9 8 15 9 9 12 17 22 38 17 % 4 2 1
12 P 2 3 3 7 5 12 7 12 2222 ¢ 7 &4 2 2
13 1 3 9 2 & 4 8 5 241212 5 2 2 1
14 a3 1 2 1 4 & B & 4 2
I5 } 2 } 1 2 2 3 2 2 1
ié6 |
17
NX » 56441 NP = 2029
THE OPTIUN HSGRAM REGQUIRED 1.,8980 SECONDS OF CPU TIME.

P T L L LN T Y N LR R R LR LRy ey Py LY X YR L L Y ¥ )
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SAMPLE 3. An example of a three dimensional histogram with seventeen 7
planes.

ENTER ASTEP OPTION OR TYPE A BLANK
>HSGRAM

HS5GRAM OPTION

INPUT SYMBOLS FOR CLASSES,

>C

HISTOGRAM FQOR C

SINHIST XMINsXMAXsNZPINXCeNYCy KCH

SINHIST

XMIN = «463000000E+02, «45000000€+02, «80000000E*02
XMAX n «79000000E+02, +81000000E+*02, «946000000€+02
NZP = +17

NXC = +17

NYC - +17

KCH = +3, +Hy +1
SEND

TYPE YES IF INPUTS ARE 0K

>YES
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Z PLANE 1 ZL = 80,00 2Zu = 80.99

Il 2 3 4 S 6 7 8 % 10 11 t2 13 14 15 14 17

L
(=20 BN . R T

P i Gt B Smn Gt
b B BT U N R N

Z PLANE 2 2L ® BUO.94 Iu = 81,88

l 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17

VDN NE N -
|

Bt G Bt fup P A gua BB
N RN - D
——
-

HSGRAM-8



Z PLANE 3 IL = 8l.88 U =  837.82

Il 2 3 4 5 &6 7 8 9 10 11 12 13 14 15 146 17

—
O OVD~N>UN £ WHh -

— em g e e s e
N W e WwN -
—-——

—

1 PLANE 4 2L = 82.2 22U = B3.76

1 2 3 4 5 6 7 8 9 10 1} 12 13 19 15 16 17

0NN E W N
-—
—
—

—
o
e g PN -
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84,7)

U =

IiL = B, 74

5

1 PLANE

16 17

12 13 14 15

8 % 1011

7

= NMTO OO

(=]
—

-—
——

~
-

”
-—

¥
—

uy
—

0
—

P~
—

BG .65

FAVIN

I = 84,71

é

Z pLANE

12 13 14 )5 16 17

9 10 11

8

N = oem T NI e ovn
— N FNT NT N
—

NM D D =DM N
Lo B o = A B o
N M N U

- BN = M M) N =

N TN ONDOCD~NMT
- el g amp v

L 2
-

P~
-
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84459

IL = 85,85 IV

7

Z PLANE

12 13 14 15 16 17

T 10 11

N TN

-

~ @

10
11
12
i3
14
15
16
17

87453

iy =

iL = 84,59

2 PLANE

16 17

12 13 14 15

8 9 1011

7

—NMT O D>

10

il

12
13
14
15
16
17
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L = 87,53 U = 8p.47

9

Z PLANE

17

ib

12 13 14 15

B8 9 ;0 11

7

== M Tn

™ 00 0

NP

nunNm

o ~0 0

o~ ™

i2
13
19
15
16
17

BFe4l

= 88,47 Zu

L

Z pLANE 1D

k2 13 1% 15 146 17

? 10 it}

8

- N M O

Lt M §

~N

0 T

N ™

~L

M~
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Z PLANE I
1 2
1
2
3
q
3 I
6
7
8
¥ l
10
11
12 1
13
14
18 !
18
i7
I PLANE 12
2
1
2
3
4
5
6
7
8 |
9
10 1
i1 1
12 1
13
14
15
lé
17

L

— s B = o=

FAR

A

[ ]

87.41

5 & 7
3
3 1
2 3 2
3 2 7
3 2
1 l
2 3
1 2 2
| 2
90,35

5 & 7
I 1 3
I3
18 1
l 2
2

Iu = 0435

8 9 10 11 12 13 149 15 16 17

11
I 1 1 1
3 2 1 2
3 2
L3 6
3 4 1 3 2
I 6 2
1 1
2 3 &
| 2
l
| 2 i

Iu = P129

8 9 10 11 12

1 1
1 1 2
2 3 |
4 2
2 2 |
2 1
LI | 3
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T PLANE 13 2L = 91429 U = 2424

! 2 3 4 5 & 7 8 9 10 11 12 13 14 15 14 17

o = e e e e
WOV EWN~DO®ENWD LN~
)

" N — —

—— - —

_ N o —

—
—
—N e
—_-— NN
— -
—
—
-

Z pLANE 14 IL = 92,24 Iu = ?3.18

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

WD NN LN -
—
—
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I PLANE 15 IL = 93,18 2y = 4412

1 2 3 4 5 6 7 B 9 310 11 12 13 14 |5 16 17

DD~ E N -

10 1 1

11 1 1 1

12 |

13 l 1 i
14

1%

14

17

Z PLANE 16 IL = 94012 ZU = 95406

i 2 3 4 5 & 7 8 9 10 11 12 13 14 15 16 17

1

2

3

4

8 |

6

7

8 l 1 1
9 i

10 1 1
11 1

12 l 1
13 1 l

14 i

15 t
16

17
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I PLANE 17 1IL = 95.06 ZIUu = 94600

1 2 3 84 5 & 7 B8 9 1011 1213 4 1% 16 17

0NN E W N -

17
NX = béab] NP = 2013
THE OPTION HSGRAM REQUIRED 20,9006 SECONDS OF CPU TIMEe
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HSGRAM ENGINEERING DESCRIPTION

HSGRAM computes and displays the histogram of the input data set.
It has the capability of computing one, two, or three dimensional histo-
grams. The histogram is generated by dividing the space into a number
of rectangular cells. The number, size and range of the cells is speci-
fied by the user. The routine then counts the number of data points
that fall into each cell.

Define
X, . . th . . .
i boundaries of 1 cell in X direction
i1
Y,
i boundaries of iU cell in Y direction
Y1 f
Z, th
boundaries of ¢~ cell in Z direction
Lo+
Ve = for k = 1, 2, 3 the three channels of the
data to be used in developing the histogram
then if
X; £ vy < X and
Y52V <Y and
Ly 2 V3 < Ly

then the counter for the (i, j, z)th cell is incremented by one.

In the computation of the histogram only those sample vectors are
used which correspond to the classes of interest. HSGRAM allows the
user to input the alphabetic characters which define the classes to be
used in computing the histogram.

HSGRAM also has the capability of permuting the data axis so that
any channel may be placed on any one of the three output axis X, Y, or Z.
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HSGRAM

ENTER WITH

I7, 18 - UNIT NUMBERS FOR SCRATCH FILES
NFI1ELD - NUMBER OF FIELDS

NRPF - NUMBER OF RECGRDS PER FIELD
[MGUNT - UNLT NUMBER FOR IMAGE DATA
DATUNT - UNLT NUMBER FCR DATA VECTCRS

|

PRINT "INFUT SYMEOLS
FOR CLASSES"

| READ SYMBOLS INTO EQ ARRAY J

< EQ(1) = '+t 7
lﬂu

CONVERT CHARACTERS
TO CLASS NUMBELRS

| READ NAMELIST INPUT INHIST |

NF = NF + 1

< NF=NFIELD?

hO
[R= 0

INITIALIZE Z BOUNDS j

12 = 1Z+]

[R=TR+1

YES
__< IR=NRPF (NF)7

SWITCH INPUT AND
QUTRUT SCRATCH FILES

|

REWIND SCRATCH FILES —‘

I

READ DATA

CALL RETDAT

READ [MAGE
RECORD [R FOR FIELD RF

CALL RETIMG

T YES / 1Z=NZP? >
AN

*Nﬂ

YES

[w

READ NARR FROM INPUT SET NARR
SCRATCH FILE TO ZERD
LHCREMENT
I BOTDS | =0
STORE NARR (W
CUTPUT SCRATCH FILE
KH = KHt1

YES
——— KHsNX?

=

YES

EQ{1) = '+'7

I

15 CLASS OF PIEL >"°

LISTED IN EQ?

YES

YES
POINT OUTSIDE 2 BOUNDS?

INO

YES
POINT OUTSIDE X BOUNDS?

Tw

aN

YES
POINT OUTSIOE ¥ BOUNDS?>-‘

T

ADD ONE TO PROPER
ELEMENT OF HARR

HSGRAM-18
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®

INITIALTZE
Z BOUNDS

REWIND OUTPUT
SCRATCH FILE

IZ=10

[Z = IZ+]

1Z=NZP?

: YES

NO

READ

NARR FROM

GUTPUT SCRATCH FILE

PRINT HEADING

REDUCE ENTRIES
GREATER THAN 1000

CHANGE INTEGERS

T0

CHARACTERS

PRINT HISTOGRAM
FOR PLANE 12

INCREMENT
Z BOUNDS

]

PRINT

PIXELS
PIXELS
LIMITS

TOTAL NUMBER QF
AND NUMBER OF
WITHIN HISTOGRAM

RETURN

HSGRAM-19
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Using the IMAGES Option

The IMAGES option can be used to display classification data as an
image composed of characters representing each pixel. The size of the image
display is limited to 120 pixels per scan line for batch runs and to about
60 pixels per scan line for interactive runs, depending on the width of the
paper. If an attempt is made to print an image with more than 120 pixels
per scan line, the IMAGES option will print only the first 120 pixels for
each scan line.

The image is labeled with the scan Tine numbers on the left and the
pixel numbers within a scan line at the top. The largest values of these
numbers are Timited by the print format to six digits for the scan lines
and to four digits for the pixels.

There are nine suboptions in IMAGES. Five of these are used to print

the images, and the other four are used for information and control.

ALLCLS - prints one image for each field showing all classes. The
only input is the suboption name, but the print is affected
by the threshold, THRVAL. Any pixel for which the distance
value is greater than THRVAL is omitted (printed as a blank).
The fields printed are those listed in IFIELD, or all fields
if IFIELD has not been input.

ECHCLS

prints an image for each class separately for each field.
The only input is the suboption name, but the values of -
THRVYAL and JFIELD affect these images just as they do in
ALLCLS. In addition, classes with fewer than MINPIX pixels
are omitted.

SUBSET

prints one image for each field showing only a subset of the
classes. In addition to the suboption name, a list of char-
acters must be input to define the name of the subset and the
names of the classes to be included in the subset. (In this
context the name of a class is the same as the symbol used to
show it in an image.) If the name of the subset is left
blank, then each class in the subset will be printed with its
own name. The values of THRVAL and IFIELD affect SUBSET just
as they do ALLCLS.

BORDER

prints one image for each field showing only the border pixels
for all classes. A border pixel is defined to be different
from at least one of four pixels with which it is compared.
These are (1) the pixel above, (2) the pixel below, (3) the
pixel to the left, and (4) the pixel to the right. If one

IMAGES-1



of these possibilities is undefined because the pixel being
tested is on the edge of the image, then it is assumed to
match the test pixel. The only input is the suboption name,
but the value of IFIELD affects the output just as it does
in ALLCLS.

INSIDE - prints one image for each field showing only the inside pixels
for all classes. An inside pixel is any pixel that is not
a border pixel. It is in the same class as the pixel above,
the pixel below, the pixel to the left, and the pixel to the
right. The only input to INSIDE is the suboption name, but
it is also affected by IFIELD just as inh ALLCLS.

THRESH - allows the following control variables to be set with the
namelist $INTHRE:

THRVAL - the threshold value used to reject pixels.

MINPIX - the number of pixels below which a class is ignored
in ECHCLS.

IFIELD - 1list of fields to be printed.

The table below shows which print options are affected by
each of the namelist inputs. An X indicates that an option
is affected.

NAMELIST INPUT

PRINT
OPTION THRVAL MINPIX IFIELD
ALLCLS X X
ECHCLS X X X
SUBSET X X
BORDER X
INSIDE X

SYMBOL - allows the symbols printed for each class to be reset. In
IMAGES the characters used to print an image are initially
set to the letters of the alphabet, but they may be reor-
dered or changed to other symbols in SYMBOL. The input to
SYMBOL consists of the option name and a list of characters
in the order of the classes that they are to represent. This
list is then printed to be verified by the user before con-
trol is returned to IMAGES.
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STATUS - prints the current values of all input control variables.
It prints the namelist variables (THRVAL, MINPIX, and IFIELD},
the image file unit number, and the class number, class symbol,
and number of pixels for each class. The only input is the
name of the suboption.

IMQUIT - returns control to the ASTEP driver.

IMAGES-3



IMAGES OPTION
SAMPLE INPUT AND CORRESPONDING QUTPUT:

ENTEm ASTER DPTION DN TYPE A diaNK
>»[MAGZES

I4AGES OpTinw

SELECT IMAGES OpTI0ON FRDM

STATYS IMUNITY THRESH SYMBOL
ECHELS SURSET BURDER INSIDE
PTHRESH
§INTHRE THRYAL v MIMPIXSIFIELD
SINTHRE
THRVAL = +2000000UE*DY
MINPIX = +1
IFIELD = 0y
+0y
*0y

SEND
TYPE YES 1F INPUTS ARE CORRECT.
>YES

SELECY [MAGES DPTION FROM

STATys TMUNIT THRESH SYMROL
ECHCLS SUBSET BORDER INSIBE
>5Y¥Ma0L

+0
+D
+D

ALLCYLS
IMgUTT

ALLCLS
THRUTT

TYPE THE STRING OF 4 IMAGE SY43nLS DESIRED

PLPAS

CLASS SywHOL ABCD

T4AGE SyYvRDL LPus
TYPE YES JF INPUTS aREt CORRECTS
>YES

SELECTY [+4GES OpTIuUN FRIM

STAT IS TMyNTT THRESH SyManL
ECHCLS SU3SET BORRBEX 1MS 1 3E
>STaTyYS .
ImunyrT THRyAL uluplx IFlELN
12 200040 1 0 2 0 1
_CLASS CLASS 1 MAGE LUMBER
NJMIER SYMROL SYMBROL aF P1YELS
1 A c 485
2 2} P 454
3 < p igg
Y ] ] 402

SELECT 1MAGeS 0pTT12Y FROM

STatTys Imangr THRESA SYMBOL
ECHZLS SUaSET ROnNDFR INS]aE
*aLiecs

IMAGES-4
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IMAGE

600
602
404
404
608
610
412
6149
614
618
620
622
424
626
628
430
632
434
636
638
440
642
444
646
648
650
452
654
456
458
660
462
664
6646
448
470
472
674
&74
&78
680

FGR fFIELD 1

11111222223333344444555556466477777a888869
024680244802448024400246802468024680244680

CCCCCCCCCCCCCCCCCCSPPPPPPPPPPPPPPPPPPPPPP
CCCCCCCCCCCCCCCCCCCPPPPPPPPPPPPPPPPPPPPPP
CCCCCCCCECCCCCCCCCCPPPPPPPPPPPPPPPPPPPPPP
CCCCCCCCCCCCCCCCCCCPPPPPRPPPPPPPPPPPEPPPPP
CCCCCCCCCCCCCCCCCSPPPPPPPPPPPPPPPPPPPPPPP
CCCCCCCCCCCCCCCCCSCPPPPPPPPPPPPPPPPPPPPPP
CCCCCCCCCCCCCCCCCCCPPPPPPPPPPPPPPPPPPPRPP
CCCCCCCCCCCCCCCCCSCPPPPPPPPFPPPPPPPPPPPPP
CCCCCCCCCCCCCCCCCWCPPPPPPPPPPPPPPPPPPPPPR
CCCCCCCCCCCCCCCCCCCPPPPPPPPPPPPPPPPPPPPPP
CCCCCCCECCCCCCCCCCCPPPPPPPPPPPPPPPPPPPPPP
CCCCCCCClCCCCCCCCCCPPPPPRPPPPPPPPPPPPPPPP
CCCCCCCCCCCCCCCCCCSPPPPPPPPPPPPPPPPPFPPPP
CCCCCCCCCLCCCCCCCCSPPPPPPPPPPPPPPPPPPPPPP
CCCCCCCCCLCCCCCCCCSPPPPPPPCPPPPPPPPPPPPPC
CCCCCCECCCLCLCCCCCSPPPPPPPPPPPPPPPPPPPPPC
CCCCCCCCCCCCCCCCCCSCPPPPPPPPPPPPPPPPPPPPC
CCCCCCCCCCCCCCLCCCCPPPPPPPPPPPPPPPPPPPPCF
CCCCCCCCCCCCCCCCCCCPPPPPPPPPPPPPPPPPPPPCP
CCCCCCCCCCCCCCCCCCSCPPPPPPPPPPPPPPPPPCCCC
CCCCCCCCCCCCECCCCCCPPPPPPPPPPPPPPCCPPPCWIN
CCCCCCCCCCCCCCCCCCSPPPPPPPPPPPSWSSCCCWSSW
CCCCCCCCCCCCCCCCCCCPPPPPPPPCCCCPPPPCCSCCW
WAHNWNNANRR AN WAN AW NNNCSS555555555555555555SS
WAV AW W WA NSS5S5555555555555555558
WANNNAANH N AN WA WWSS55555555555555555555S
WAWWWNN WV W WA WARSSS5555555555555555555S
NN RV AN WA NN ANSSS555555555555555555S
WAWWA YN AWV ANV AEWSSS555555555555555555S
WANNWNVWV N AWV AW NANSSS55555555555555555S55
WWWWNR NNV WA NN VWWS5555565555555555555S
AW W W WA WV WINSS555555555555555555855S
WHWNNANANA RNV AW NN A NSSS55555555555555555SS
WNWWWAWAWN NN NN WA WWSS5S555555555555555555
W WA RRWWAN RN AN RWUNS55555565555555555555S
WNWAWNN VWA NN NN WWINSS5555555555555555555S
WWAWIAWNA AWM WANNSS555555555555555555585
WWWAWH WV NNV WANSSSS55555555585555555S5S
WAANAWV NV A AN NN WNWWSSS5555555555555555858§
WWAWWA VAWV NN WNWNSSS55555555555555555S5S
WHNUNNANANANWWN A WNWNSSS5555555555555555555S

SELECT IMAGES OPTION FROM
STATUS IMUNIT THRESH SYMBOL ALLCLS
ECHCLS SUBSET BORDER INSIDE IMQUIT
>BORDER
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IMAGE FOR ALL CLASSES FOR FIELD | WITH ONLY BORDER
PIXELS PRINTED '

11111222223333344444555556466467777788p889
024680249680249680244802468024680249680244860

600 CcsP

602 cP

604 P

406 cce

608 csP

610 cscp

612 cce

614 CSGP

616 CWCP

618 cce

620 cP

622 cP

624 cspP

626 CsP P P
628 CsP PCP PC
630 CsP P PC
632 cscP PC
634 cp PCP
636 ce PPCP
438 CscP PP PCCCC
640 cP PPPCCPPPCWW
642 csp PPPSWSSCCCWSSW

644 CCCCCCCCCCCCCCCCCCCPPPPPPPPCCCCPPPPCCSCCW
646 WWAWNWWNNANRWAWWRNWWCSSS555555555555555 558

448 WS

650 WS

652 WS

454 WS

45% NS

458 WS

660 wS

b2 L

&64 WS

664 ws

bbB L)

&70 w5

&72 WS

674 WS

&76 wSs

678 WS

680 %S

SELECT IMAGES OPTION FRQM .
STATUS IMUNIT THRESH SYMBOL ALLCLS
ECHCLS SUBSET BORDER INSIDE INQUIT
>INSIDE
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IMAGE FOR ALL CLASSES FOR FIELD

PIXELS PRINTED

1111422222333334444

] WITH ONLY INSIDE

4555556566477777888889

02468BD2448024968024460802468024680246803244680
600 cccecceceleeccecce PPPPPPPPPPPPPPPPPPPPP
6402 cCcCceccccCceececccccc PPPPPPPPPPPPPPPPPPPPP
6404 CCCCCCCCLCCCCCCCCC PPPPPPPPPPPPPPPPPPPFP
606 CcCccCecccloeccecece PPPPPPPPPPPPPPFPPPPPP
408 Ccccceccecccicce PPPPPPPPPPPPPPPPPPPPPP
410 Ccceeecceccegccce PPPPPPPPPPPPPPPPPPPPP
412 Cceccececcecceececcece PPPPPPPPPPPPPPPPFPPPP
414 ceccceCelececccee PPPPPPPPPPPPPPPPFPPPP
8lé CCCCCCCLECCCCCCC PPPPPPPPPPPPPPPPPPPPP
418 CCccCceeLLeeccele FPPPPPPPPPPPPPPPFPPPFP
420 CCCCLCCCCLCCCCcCCcC PPPPPPPPPPPPPPPPPPPPP
422 CCCCCCCCLLCLLCCCCC PPPPPPPPPRPPPPPPPPPPP
4249 CccccLcceecaccccce PPPPPPPPPPPPPPPPPPFPPP
626 CcCccCcCcCccecceee PPPPPP PPPPPPPPPPPPP
828 Cceelecclccecicccce PPPPP PPPPPPPPPPP
630 cCccecectelaeciccecce PPPPPP PPPPPPPPPPPP
632 Cccececcciccecccecce PPPPPPPPPPPPPPPPPP
634 CCCCCCCCCCCCCCCCCC PPPPPPPPPPPPPPPPPP
436 cccecceccCcccceccce PPPPPPPPPPPPPPPPP
638 cCcerceccgcoecicecc PPPPPPPPFPPPP P
&80 cCcccoceccccegccecccc PPPPPPPPPP
692 cCcccccCcccaeccecc PPPPpPP
644
a4é 5
648  WANWWAWWNNWNAWWWHANW S555555555555555555555
650 WWWWINWWNWNANWHNNAWAN @ 55555555555555555555S
452 WWAWNKWNNWWNWEWANWW S555555555555555555555
654 WHNWNWAWANKNWWNWAWNWNW S555555555555555555555
456 WAANWWHNWNRWWWWWWWNN S55555555555555555558S
658 WAWAWAWNNNWWNNWAWNANW S5556565555555555555S
660 WHWWANWWWRAWNIWWWANE S555555555555555555S
662 WHWNWAWNNNANWWWWNAN 55S5555555555555555555
664 WARNWWWWANNNWANNWNNAAN S555555555555555455S5
64685 WHANWNWWAWWNWNNWWNWN 5555555555555555555S
648 WWAWNWWHNWAWNWWWAK S5555555555555555555S5S
670 WWARWWWWNWWNNWKRWARY 55555555555555555555
4T2 WRWAWKNANWNNWWNRQNWN 55555555555555555555S
&74 WAWWWHNWWANWANWAWANN " S55555555555555555555S
676 WAWWAWAWNNWWNNRANWWNN S555555555555555588S
678 WWHNNNWNWNNRNARWNANN 55555555555555555555S
4BD WWWWWAWNANRNNWNWWHEANN S5555555555555555555S5

SELECT IMAGES OPTION FROM
STATUS IMUNITY THRESH SYMBOL ALLCLS
ECHCLS SUBSET BORDER INSIDE Imquly
>IMQUIT

THE OPTION IMAGES REQUIRED 2,9966 SECONDS OF CPU TIMEs

.-------------ﬁ-ﬂ--------------_---------'----------------q
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ENTER W1TH I

RCLS - HUMBER OF CLASSES IN IMAGE DATA
HPIX - LIST OF NUMBERS OF PIXELS IN EACM CLASS
IHGUNT - UNIT NUMBER FCR IMAGE DATA

[ IMITTALIZE CHARACTERS FOR IMAGE |

[ READ OPTION NAME, 1M0P |

1MOP # 'STATUS'?

[ PRINT VALUES OF IHPUTS ]

]

IMOP ¢ 'THRESH'?

NO

{_READ AND PRINT NAMELIST $INTHRE |

YES

IMOP ¥ 'SYMBOL'?

[[_ReAD NEW CHARACTERS FUR [MAGE |

[[PRINY STAKDARD ARD HEW CHARACTERS |

YES

IMOP # 'ALLCLS'?

PRINT IMAGE SHOWING ALL CLASSES
CALL SURSET

I

1HOP # 'ECHCLS'?

[ ICLS = O ]

[ 1o =T |

PRINT IMAGE FOR 1CLS
CALL SUBSET

{

IMAGES-8
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IMOP ¢ 'SUBSET'?
o

[ READ CHARACTERS FOR SURSET |

PRINT IWAGE FOR SUBSET
CALL SUBSET

]

THOP # ' BORDER 2 YES

NO

PRINT BORDER PIXELS FOR ALL CLASSES

CALL GODBORD

J

IMQF # 'INSIDE'?

NO

PRINT INSIDE PIXELS FOR ALL CLASSES

CALL GOBORD

[MOP ¢ 'IMQUIT'?

HO
[ RETURN |
PRINT ERROR MESSAGE |
J

IMAGES 2 of 2
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SUsET

CAR -
INGUNT -
En -

T
[HTYPE -
LFIELD -
RFIELD -
[STARD -
{SKIPD -

'

LINCD

JSTARD
JSKIPD
JIHCD
HRPE

HPXPS

ENTER LITH

LIST OF CHARACTERS TO LU UsLD IN PRINTING THC LHAGE
IMGER OF IMABL DATA FILE

LIST OF SYMROLS FOR CLASSCS \HLCH MAKC UP THE SUBSET
TO LE PRIMTED, AMD Tlik SINGLE CIARACTER TO SYMBOLIZE
THE SUBSET

THRESHOLD VALUE FOR COMPARISON WITH DISTAHCE DATA
CONTROL WORD TO SELECT SUDSET OR ALL CLASSES

LIST OF FIELDS TO DE PRINTED

RUMDER OF FIELDS BEING COWSIDERED

LIST OF STARTING SCAN LINE HUMLERS FOR EACI FLELD
L1ST OF NUMBER OF SCAN LTRES TO SKIP FOR EACH FIELD
L15T OF NUMBERS OF SCAN LINES TO INCREMEMT FOR EACH
FIELD

L18T OF STARTING PIXELS FOR EACH FIELD

L1ST OF HUMCER OF PIXELS TO SKIP FOR EAGH FIELD

LIST OF NUMLER OF FIXELS T INCREMENT FOR EACH FIELD
LIST OF NUMBERS OF RECORDS USED TO STORE DATA FOR
EACI FIELDR

LIST OF NUBBERS OF PIXELS STORED FOR EACH SCAN LIME
FOR EACH FIELD

mPe — AT >0
110

[ FIND WRGER OF CHARACTERS INPUT |

IMIYPE 7 'SULSET'?

PRINT CHARACTERS REQUESTED [i HEADING

HE =0 I

SKIP HEABER RECORD OM IMAGE FILE
CALL RETIHG

N1 = [IP/HPXPSINF)

[

FIND ERTRIES IN ROW OF IMAGE

J

PRINT ROl OF JMAGE

HF = iiF+1

<R R e

RETURN |

YES

SKRIP THIS FIELD?

PRIWT COLUMN NUMLERS
CALL DISPLA

I IR=10 f

TR > TRPFINFTT e

©

READ AN IMAGE RECORD
CALL RETINMG

IMAGES-10
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CALL RETIMG
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LOLOPY

CAR
HHGUHT
THHARD
IFIELD
WFIELD
ISTARD
ISKIFD
ITHCD
JATARD
JSKIPD
JINCD
NRPF

NPXP3

LITLR LITH I

L1ST OF CHARACTERS TO IL OSEL Th PRINTING THE IMAGL
HINLER OF ITMAGL DATA FILL

CONTROL LORD TO SULE'T LOPUEF PIZLL: OR INSIDL
PIXLLS T PRINT

LI5T OF FIELDS TO ©L PRINTLE

HUMBLR QF FIVLDS ik [NG COMSIDE REL

LIST OF STARTING SCAN LIHE HUMGERS FOR [ACH
FIELD

LIST OF NUMBER OF SCAN L 1ML T SKIP FUR EACH
FILLD

LIST OF NUMBFRS OF SCAR LINLL TO INCREMENT FOR
EACH FIELD

LIST OF STARTING PIXLLS FOR LACH FIELD

LIST OF NUMBER OF PIXELS TO SKIP FOR EACH FILLD
LIST OF HIMGFR QF PIXFLS TO INCREMIKT FOR EACH

FILLD

LIST OF RUMBLRS OF RCCORDS USEDR TO STORE DATA
FOR EACH FILLD

LISt OF NUMBERS OF PIXELS STORED FOR EACH SCAN

IIME FOR EACH FIELD

SKIP WEADER Ol IMAGL FILE
CALL RETING

IR « NRPF{IF)?

g

1PHASE

1

READ TIE MEXT IMAGE RECORU
FOR TIE CURRCHT FIELD

CALL RETIMG

1R = (R+1

[ = upwexesiney |

IF = HF+) I

WF > NFILLD? KETURN
L PRINT HEADING FOR IMAGE

TIADOBRROL IOAG RECORD
FOP CURR &Y FILID
CALL RiTTii6

IPHASL = 1

USE FIRST SCAN LIng OF FIELD
RS GIEXAT SCAN LIHE

s

IR » HRPF{IF)?

IR < NRPF{NF}?

MOVE CLURRENT SCAW LIKE
TO PREVIOUS SCAN LIHE
MOVE HEAT SCAH | EHE

TG CURRENT SCAN LINE

IMAGES-11

@ [ sToRE mEW VALUES FOR JEXT RON |

FIKD LORDER OR INSIDE PINCLS
FOR CURRENT SCAH LINE

|

[ PRINT oW OF iMAGE |

IR =10

5
IR > NRPF(MF}?

v

READ AN IMAGE RECORD
CALL RETIMG

l




DISPLA

ENTER \IITH I

il - HUMBER OF PLXELS TO BE PRINTED IN
ONE_ ROV OF [MAGE

JSTART - INDEX OF FIRST PIXEL It EACH ROW

JSKIP - NHUMBER OF PIXELS SKIPPED BETWEEN
PAIRS OF PIXELS IN EACH ROW

[ LASCAL = JSTART+(NJ-1)*(JSKIP+]) J

YES

LASCOL < 10007

| JL = JISTART = JSKIP-1 ]

|

FOR J=1 THROUGH tJ
dL = JLHSKIPH]
COL{J} = MOD{JL,10000)/1000

PRINT COL

LASCOL < 1007

| L = JSTART-JSKIP-3

i

FOR J=3 TKROUGH MJ
JL = JLHISKIP+]
COL(4) = MDD(JL,1000),/100

FRINT COL

LAscOL < 107 YES
M)

{ JL = JSTART-JSKIP-1 [

!

FOR J=1 THROUGH HJ
AL = JLHJSKIP+]
COL(J} = MOD(JL,i00)/10

] PRINT COL

| JL = JSTART-JSKIP-1 ]

{

FOR J=1 THROUGH MJ
JL = JLAJSKIPH]
COL(J) = MOD(JL,10)

PRINT COL

SKIP A LINE

IMAGES~12




Using the INTHDR Option

The INTHDR requires no user inputs. Its purpose is to allow a user to
process a data tape created by DATDEF which has been saved. INTHDR reads thne
header record on the tape and initializes the appropriate variables in the
program. It also displays the user inputs that were input to DATDEF when
the data was originally extracted from the raw observation data tape.

INTHDR-1



INTHDR OPTION
SAMPLE INPUT AND CORRESPONDING OUTPUT:

ENTERASTES OPTION—OR TYPr— BLank—— - -

»INTHDR
- - —IWNTHOR ~OPTION ~ T T - -
DEERESspyERgENzn
Wy P l‘eK—E‘B"‘B‘A‘T‘[“TTFE"UN“UN!“T’"'"1“"" TR e s
! FIELDS 4 CHANNELS 't & 9 12
“Tf?fwf—f—ffvﬁﬂ—f—fEUfT“tE#?“TﬁUFZ““B335_NBUFSZrUﬁﬂn“NRT"'“'T

NO TRANSFORMATION

FIELD DATA

CFTELOTTSTART Isxip -TINT  JSTART JsKIP— JINC
1 600 1 8o

NPXPS HRPF
1o 1 80 4] 2

THE QPTIQON INTHDR REQUIRFD .0388 gECoNDs gF CPU TIME,

---.-u—---.----.------u------p-----.'--------un---.-_-—--._
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INTHDR ENGINEERING DESCRIPTION

INTHDR does not require an engineering description - see flow chart.
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INTHDR

ENTER WITH

DATUNT - UNIT NUMBER ON WHICH
HEADER DATA IS IN FIRST

RECORD

19\|'

=

REWIND DATUNT

]

READ I-ST RECORD ON DATUNT
AND INITIALIZE HEADER COMMON

BLOCK

WRITE OQUT USER INPUTS WHICH
APPLY TO ALL FIELDS

!.

WRITE OUT USER INPUTS WHICH
APPLY TO EACH SEPARATE FIELD

FOR I=1, NFIELD
WRITE OUT INPUTS FOR

[-TH FIELD

T

WRITE OUT DATA DERIVED
FROM USER INPUTS

!

REWIND DATUNT

I

EXIT WITH

HEADER COMMON
BLOCK INITIALIZED
FOR DATA ON
UNIT DATUNT

INTHDR-4
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Using the ITRCLU Option

Upon entering ITRCLU the user must define values for the parameters

Tl
T2

NMIN
NVMMAX
SEP .

ISODAT

IDISF

1P

The default

Tl

T2
NMIN
NVMMAX
SEP
ISODAT
IDISF
S

P

IP

[}

threshold for cluster splitting, units of the standard
deviation

threshold for cluster combining, if ISODAT = 0 T2 has
units of the data and if ISODAT # O T2 has no units

small cluster elimination threshold (number of points)
maximum number of clusters to be allowed (< 20)

the number of sigmas, in cluster splitting, to separate
the two new clusters from the mean of the original cluster
along the pertinent channel

flag defining distance measure in cluster combining algorithm,
if ISODAT = 0 use unweighted euclidean distance and if
ISODAT # 0 use weighted distance measure

flag defining distance measure used in vector assignments
to clusters, if IDISF = 1, use euclidean measure and if
IDISF = 2, use L1 measure

threshold used in grouping the data into strips, units of
the data - if S < 0. the strip forming logic is bypassed

percentage threshold (0. < P < 1,) for initial cluster
splitting prior to using input split combine sequence -
if P <0, initial cluster splitting Togic is bypassed

print control flag, if IP = 0 no print, if IP # 0 print
merger and split messages, if IP = 2 print cluster means,
variances, and weights at the end of each iteration

values for these parameters are

[}

4.5
3.2
30
20 -
1.0
1

2
1.0
.5

0
ITRCLU-1



The user must then enter the split(S) combine(C) sequence. This se-
quence is controlled by the ordering of the characters S and C. A blank
card results in the default sequence

SSSSSCSCSCCC

The user must then define the cluster mean and weights initialization
procedure. The options are '

ZERO - all values O, this forces the algorithm to be self starting

OLD - use means and weights from last previous clustering (either
ADPCLU or ITRCLU). For example, if one exits ITRCLU and
calls IMAGES, then reenters ITRCLU the previous means and
weights remain available.” One may continue to sequence
through the clustering options and image display with the
previous results available to restart via OLD.

NEW - allows user to input starting values or to change any of
the current parameters. The parameters are

NVM = number of clusters
NVG = weight for each cluster, may be ignored for ITRCLU
VM = cluster means, one-dimensional array of number of

channels x NVM values representing a matrix of mean
vectors input by columns.

Upon completion of the clustering a run summary is displayed. This out-
put is a description of the clusters formed. It lists the cluster number, as-
signs a symbol to those points in the cluster, describes the size, gives the
statistics (mean and sigma) of the distances of the points to the cluster cen-
ter, and gives the L1 distances between the vector used as a center to form
the cluster and the mean vector of the resulting cluster,

The user then must select one of the suboptions MEANS, SIGMAS, ANGDIS,
or QUIT. MEANS, SIGMAS, and ANGDIS are for output only and require no input
parameters. QUIT returns control to ASTEP.

The MEANS suboption displays an m x n array where m is the number of
data channels and n is the number of clusters. The columns are the mean
vectors for the clusters formed.

ITRCLU-2



The SIGMAS suboption displays an m x n.array of the individual sigmas
for each channel and cluster., The columns are the channel sigmas for the
clusters formed.

The output of the ANGDIS suboption is an n x n array. The diagonal of
this array will be zero. Angles (in degrees} between a pair of mean vectors
are given labove the diagonal. The distances (given in channel units) between
the vectors are given below the diagonal. Depending upon the value of the
distance flag IDISF (=1 or 2), a euclidean or L1 distance measure is used.
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ITRCLY OPTION
SAMPLE INPUT AND CORRESPONDING QUTPUT:

“

CINTER ASTEP-OPTTON OR—TYPE A BUANK e -
>ITRCLY

T - - TTRCLU 0OpTTAN e e

SINTTRE- - FheT2ynuMIN s NYMMEXySEP s 1SR AT IDISFy S P 1P
SINITRC

—rt - FBO80EN0BE+TT - ——
T2 = »55000000E+n]

MR 8 e g B — e e e
NVMMaX = +20

CREPTTTTW T T UETSOOONOOERRL T T o e e
ISODAT = +1

- _1_D,-r.57r. e e — e i b g ,A;_r - _— C m— e - —— — - ———— - im o mmm— i [,
5 = -+ 10000N00E +n1

S s w  HOOON00EY T - e : -
1P " +2

SEND
. 'T'Y"‘E‘“YE‘S“'!’F’_T‘N'PtTT'S __a,.K-..... P e e e e e e pm e s n e e ——— =

>YES
EMTER SpUFT/COMBINE (SC) SESRENCE
»585885CSCS
CHOOSE-vALUES FOR INITHALIZATION FROW
ZERO OLD NEW
— , z.,F_R.U_ . ——— o am— A e SE— FE— [P — S N - — e
ssese ITERATION [mng senss
T T T T T T SR M P TS o 1eY o - C T T
1

1 1481

- —HEENT Y e e e o

1 82,052

T T A TAS — ) - : T T
3 71.291

-4 874997 -— —- e e —

T T StaEMES—— % 8Y——1 -~ ST T T
1

! 5.822
-_-zm_‘“"_?TL-] 2 l‘j — e e e

3 17+322
——--q_ﬂ_m_T.q.W I i el e e o
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e e e e e }tﬁs - i WB¥ - r - e e e e e mmeem
ALL ZEROESg»

ITFRATION 1+ CLUSTER I's POSITION 3, SPLIT, NYM = 2

eseve JTERATION 2ms oseve
----- ————— NYMPYTE  + BY

1 2

1 70B 973
e AN Y
1 2

t 85,064 79.840
2 —— 8B B89 — - -
3 87,450 59,388
4

P A —— 928 s — S e e

B B & 4 £ e . e
1 2 |

! Habbd 54599
2 — By 2B Il — e — - e e -
3 14497 44337

— e By B B P B~ s e e

—_ e - ,W_Iﬁﬁ_._ﬂ_!._s___.__z__a,*___.z__._ e e e e —————
1 F

1 »000 4,837
eI B e

S HFPRATION— 2 CLUSTER — 17T POSTTION 3 SPLI T3 NYM—= -~ —3- ——— ——
ITERATION 2+ CLUSTER 2y POSITIGN 99 SPLIT, NVM = 4
— AT ERATHON It et e—— —
NUMPTS 1 BY 4

4 - —_——m
1 [4 o i

b 324U b B 32— —— - e S—
MEANS 4 BY 4
PR ,ﬁ_._l..,.__..._~_____2._ —_——— —— —3 —_—————— L.g,,;“,,, L LT I S e e e ——

845287y B — 87 06— e vt —
2 103,728 82,847 92,554 854037

¥ 0?3 — 5503 — IS - — DB — e —
4 78,701 110+524 Bl.61] 79.197
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SIGMAS 4 aY &
¥ 2 3 - % - s

3899 255 3T AY —— —th DHy— ——— - —

2 10,028 18427 3,410 2+108
- F Byt -85 A3 eyt o e e
L] 74307 7.0%4 He74D Se947
lc DIS 4 BY 4
- 1 r4 ; R . R R =

R0 12384 k0T P rEIT— .

2 12.897 + 00D 9,025 BePB%
-yt Y0253 8803 ¢ 0F
4 Tebld) S5.989 3.405 +000

-

*—f%E%t*+&*—"_&r—étﬁi*fﬂ—~—+1—?35111ﬁﬁ““31_3Pt1¥1—ﬁ**—'“““4*-———“”“
esnes ITERATION Y= onave

NUHP TS — 8% 5 -

1 2 k] 4 5
1 192 441 4346 457 n%
“—_——————-——ﬂEtwﬁ————ﬂwa¥~—5 —
| 2 3 4 g
I 82.803 74,78¢p 88,374 B83¢b4) Bo,181
TR OS82 8 28— 94280 — 5 T4 — — $740p
3 110430 56,054 74,057 60747 94,137
T3 STt 8 S T4 22—
STeMAS H4—aY Y — -
1 2 3 y 5
1 3,456 24146 2,724 34657 2,41
—2 B 2% 446 — 06— vOPO— 5530 — -
3 4117 14938 2,848 2+455 5,0%3
& 42— I 42— a5 B % 5671 3137
T U WIS S BY &
1 2 3 4 5
1 + 000 15,747 8,254 11838 3,57
TS — o0 12e 80— %ﬂ”ﬁz“*'_r“—‘r‘fs— R —
3 8,254 12,809 000 £¢572 6,373
T 838 b5 152 tTﬁ?ﬁ““"“"TUUU““__Tﬁ.I*T"—““”*““'___
5 3,59] 14,445 6,373 1De147 000
TTPRATION  4» CLUSTER 1, POSITION 2+ SPLITs NVM = &

T e et L TERATION —Swg ewsee— — - -- e
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NUMPTS 1 BY &

D i & 5 L3 % [ - -7 T
MEANS 4 BY &
+ 2 3 4 R S &
—+— 854350 — T4 73T B8 45— 83e60Y 79 2T —81eesr
) 120,747 82,826 94,48y 85487 97.3%5 1054642
— 33— 6 4B 563 B3T T4 ITI— —6te b0 95290 — tDevETE  —
4 88,517 110.25] BN, 444 B}e345 73,874 82,411
SIGMAS 4 BY &
t 2 —— Y e e ——
—— 3¢ X2 0%0 256y IvESY 1T, BOW r % L]
2 8.108 1.439 - 1.979 2163 4,644 Jel114
— 3yttt 2 TBS 67Ty S, 070 3277
4 3,898 74255 3,438 e85 5,364 3.672
Ie OIS 6 BY 4
{ 2 e I e e
-1 +000 18,083 10,266 13019} .51 3,97
— By 81+ 3335 byt 5t 15 22— 23y 5
-3 10e268 134,335 +000 6:587 6,974 t1e9n2
—— 808015 ——1 7 r—
5 dolld 15223 5,976 10+151 « 000 4,125

. 1,97 23,755 902t F et PO
I TERATION—— B L USTER—— 4 POSLTIAON 31 SpLiT, NyM—e
seees ITERATION b Saase

k]

NUMPTS 8y
1 2 3 4 5 & 7
1 2) 438 427 874 19D 109 ia
MEANS 4—R/¥—7
1 2 3 4 5 &
| 844,435 7TH4727 88,513 83+584 79,842 81,725
e 28 3B ——— 8 24 B 26— — B4 B} — 85I DE—— G452t — 1 DEv B T—
3 127.46%6 56,037 TH,429 blelbd?2 94,558 106,495
—H4 91,24 1025 8P 382 B3PS FIHB— B9 yns———
7
1 85¢889
— 1739
R | 10B.111
—— 8y
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STGMAS B8y 7
F

1 3 § 5 &
| 3,422 2.0%0 2.606 .64y 1.814 2+58°%
N SR MY ¢ S e - S o ¥ ¢ S S Y S
3 84215 149064 2,741 24750 4,8%n H4e428
H—— 24832 — 4 35— 52— 585523 XN ——
7
1 J.008
2 —— 4 08— —= —
h | 7395
4 I G+E I — s e -
- -ttt ey - ==
1 2 3 ] 5 &
i + 000 23,444 14,573 174527 Pty G.BEA
- PN ——— vB8EE - —3dH82- - - 428 - 45 362 — 204532
3 19,5723 13,482 000 be541 7.040 104347
Yo pFeE2T - A1 28 - A S - 080 10, 0% — N 0 B el
& 9.“4“ 15l362 ?.un 10.0“! .UUD “.I“a
& -B5eB56——— 2D yEI 2 — BT — B Y Y ey ——ee oor—-
? 3.5 20,025 10,639 140133 6,98¢ 3,218
—_- — - _____? - - = . e e am e s mm— m————— = o e rmma r— e e —— o —— . Do
,__t ﬁ_rﬁ_ﬂ— —— s mmasoan o e T o m Y ¢ —— — ot e s
2 20.025
A O E I — e —
4 14132
& 4.980
—&— —3v+5 S
7 +000

ITERATION & CLUSTERS 1 aNp 7?7 MERGED, NyM = é
S IFERAT I ON— LU TERS — 5 AND— 4 MERGEDy -NYMa— —§ —— oo -
¢snee JTERATION Tog ®*aane

NUMPTS I BY 5
t 2 3 4 )
1 62 438 429 476 274
- HEANS 4—BY % T T e e e e
1 2 3 ; g 5
1 85,597 747217 B8,47) Bi«hBs 80,239
20w re Y 82y 82s Y4B aSTIDE 9P Y2 -
3 116,87 84,037 7487 6lelb2 *7.79
B L IR L e DR 43 S ) v DR umman S e L 4 R S W £ 7'S
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ITRCLU ENGINEERING DESCRIPTION

The iterative clustering algorithm, ITRCLU, develops the cluster means
by using several passes through the data. For any one pass the data points
are assigned to the nearest cluster means. Depending upon the value of S,
the strip formulation logic is exercised for each iteration prior to the
assignments to the nearest cluster means. Certain partial sums are computed,
which at the end of the pass will represent the new cluster means and vari-
ances. During the assignments of data points to clusters, the means defining
the current clusters are not modified.

At the end of each pass or iteration the new cluster means, channel
variances, and populations are available. Those clusters whose number of
points is less than a threshold, NMIN, are now eliminated. The algorithm
then enters a cluster splitting or a cluster combining (merging) phase. The
user can initialize the cluster splitting-combining operation by requesting
that split terations be performed until a specified percentage of clusters
are stable (do not need to be split). The sequence for all other iterations
is controlled by the input split combine sequence.

Strip Formulation.- If
V(1)
S

the ith component of the jth vector to be assigned

I

strip refinement parameter (>0.)
then, the local group or strip is defined by the vectors Vj+n’ 2=0,1,...,L,

where L is the last & for which

|Vj(i) - V.. (i)] <8

j+a

is valid for all i. After generating the local subgroup, its mean and weight
are computed.

Cluster Splitting.-

In splitting a cluster, the channel with the largest variance (ojz) is deter-
mined. If the standard deviation o5 exceeds the threshold T1 (system param-
eter), the cluster is split along channel j alone into two subclusters.
Assuming an n-channel vector space, let
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m; i=1,...,n denote the mean vector for the initial cluster

mi‘,i=1,...,n denote the mean vector for the first subcluster

mi“,i=1,...,n denote the mean vector for the second subcluster

SEP denote a:user-specified system parameter defining the separa-
tion of the new cluster means from that of the original
cluster

Then the splitting process generates the two subclusters m;* and mi“

in a manner such that

=
v
n

m. 317

=
»
1]

* . u--
Mo+ SEPYOL g e

ms“* = my3 1#]

=
v
v
i

- * o 1=1
m; SEP o5 s 1=3

Cluster Combining.-

There are two combining {merging) options depending on the value of the
ISODAT flag.

[f ISODAT = 0, cluster combining operates by computing the euclidean dis-
tance measure between the nearest pair of clusters. If this distance is less
than the threshold T2, the two means are averaged into one. The nearest
distance between clusters is recomputed and the combining process continues
until all the cluster means are separated by T2 or more.

If ISODAT#0, each cluster is limited to combine with at most one other
cluster. The process begins with computing the minimum weighted distance
between the first cluster and each of the other clusters. If this distance
is less than T2, then the two respective means are averaged together. The
mean averaging effectively combines two clusters into one cluster for the
next pass of the data. The distance computations and thresholding continue
until all of the original clusters are tested. Assuming an n-channel vector
space let
mi’ and mi", i=1,...,0 represents two mean vectors

a;° and ci", 1=1,...,n'represents.the individual channel

sigmas associated with the two clusters
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then the distance d between the two clusters is

21172

e

Special Cluster Splitting Tests.-

If P > 0, the algorithm forces cluster splits each iteration (up to a maxi-
mum of 10 splits) until a certain test is satisfied. The algorithm then re-
sorts to the input split combine sequence for the remaining iterations. The
test is - let

pass = number of clusters for which all of the individual
channel sigmas are less than TI
num = number of clusters

then the algorithm will force splits until

pass . p
num =
During the last iteration, a distance for the image display is associ~

ated with each pixel or strip of pixels. The value of this distance is eq-
ual to the distance (euclidean or L1 depending on the value of IDISF) of the
mean of the strip to the cluster mean it is assigned to. Later in the IMAGE
option, the distance for each pixel from its cluster mean is compared to a
user input threshold. Al1 pixels whose distance exceeds the threshold are
displayed as blanks.

The ANGDIS option computes and displays the angles and distance between
all pairs of mean vectors resulting from the clustering. Define

th

Mi mean vector of the i cluster

mi(k) = k-th component of the ;th mean vector

ITRCLU-14



i > j and IDISF = 1
IM_i - M

di j

1]
(A%

i > j and IDISF
dij = dij zlmi(k) - m. (k)]
k J

0

1

J dij
. . a1s _ 360 -1 i j
i< j dij cos

2r IMi Mj

then the matrix D = [dij] is displayed.

—_
¢}

The iterative clustering algorithm was initially reported in Reference
9. These ideas were applied and modified for use with multi-spectral data
in References 10 and 11,
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ITRELU

VM - STORAGE ARRAY FOR CLUSTER
MEAN VELTCRS

NVM . KUMBER OF MEANS [N VM
{IF ANY FROM PREVIOUS
CLUSTERING)

YHP VAR, AD - WORKING STORAGE

ARRAYS

BUF ~ LARGE STORAGE ARRAY
IBUF1! PARTITION BUF FOR DATA,
IBUFZ! IMABES, AND THRESHOLDS
NRT - NUMBER OF RECORDS OF
DATA O DATA TAPE
DATUNT| DATA AND IMAGE WNIT
IMGUNT} WUMBERS RESPECTIVELY
ND - DIMENSION OF OBSERVATLON
YECTORS

INRT=INAT+1

PROCESS INRT-TH RECORD OF DATA
AND SAVE IMAGE IF LAST ITERATION

1. CALL RETIMG

USLR CUE AHD PARAMETER [NPUT

2, CALL VATCI
T CUE USER 3. IF IT » ITL CALL SAWIMQ
2, FREAD AND HRITE NAMELIST InPUT I
3, CUE USER FCR POSSIBLE ACCEPT-

AICE OF INPUT

RE SPOMSE
= YE5

YES

S/C SEQUENCE [HPUT AND CLUSTER
MEAN INITIALIZATION

b. USER IHPUT DF SPLIT/COMBINE
SEQUENCE INTO ISEQ ARRAY

2. CALL IRITCL

1 SPLIT COMAIME ELIMINATION ALGORLTHM

IF 1-5T CHARACTER IN 5/C SEQUENCE 1.
# 5 0B J C USE DEFAULT SEQUENCE

IF MODE=1 SET [CHAR=TSEQ{1)
LF WODEsz SET [CHAR=S

2. CALL CESCA
IF 15£Q(1)#(S OR C) THEN FOA
141, 20 &
ISEA(T)= 15E0D{Z)
l TRANSFER VNP ARRAY TO VN
DETERMINE NUMEER OF ITERATIONS, SET
ROUTIHG FLAG FOR VECTOR ASSIGMMERTS AND
STARTING MODE l
K ?ET]EIQ- = 1+ NUNBER OF 5 AMD C'S UPTIONAL OISPLAY UF DNTERMEDIATE
2. SET IROUTF DEPEVDING ON USER ST
IN RAMELIST AMD IDISF Ir 1p=2 ptsiuin sEwe (00),
IANCES [VAR
3 SET MIDET. 1F P20 SEF MODER2 £ ARD MEEATS(1VE)

4, IT=0, ITSP=Q

IT=17L

Ho

INITIALIZE FOR THIS ITERATLON

1. IF IPF0 WRITE MESSAGE TO'USER
2, IERD ARRAYS NYG, VAR, AND VMP
3, SET NWMS=NYM, INRT=0

ITRCLY V OF 2
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SPECIAL TESTS FOR POSSIELE MODE

CHANGE - DETERMINE NUMBER DF CLUSTERS
WITH VARLANCES < TI**Z - RESULT STORED
IN HPASS

T1Z=Th44z

I~
|F|m(nl LT T12) GO 70 &2
[

NT]HUE
PASS=HPASS+1
64 CONTIHIE

1F{FLOAT[NPASS] /FLOAT{NYMS}) , GE.P! MODE=?

[TSP=[TSP+1

FGRCED MODE CHANGE

1. MODE = 1
2, INFORM USER OF FORCED CHAWGE

ERZ0

PRINT CLUSTER SUMMARY
DISPLAY

USER OPTION SELECTION

1. CUE USER

2. READ RESPONSE

3. GD TO APPAOPRIATE ENTRY
FOINT

OPTION=NEANS

DISPLAY CLUSTER
MEANS

CPTION=S1GHAS

COMPUTE AND DISPLAY
CLUSTER/CKANNEL S 1GMAS

OFT [OH=ARBDTS -
COMPUTE AND DISPLAY
CLUSTER Pm J.NELE Exit IITH’

DISTANCE

w
o | Resuts

5

ITACLU 2 OF 2
INFORM USER OF
INVALID OPTION
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YATCI

ENTER 91TH |

¥ - VECTORS TO BE CLUSTERED
NY - KUMBER CF YECTORS IN ¥
VM . CURRENT CLUSTER MEANS FGR EXISTING CLUSTERS
HYM - HUMEBER OF MEANS IN VM
WHP VAR KVG - WORKIKGE AARAYS USED TO RECURSIVELY
CALCULATE THE MEANS, YARTANCES, AND
WEIGHTS ASSOCIATED WLTH THE WEW CLUSTERS
KD - DIMENSION OF ALL VEGTORS
5 - STRIP THRESMOLD PARAMETER
IRDUTF « ROUTINE FLAG IF ,EQ,] STRIP AMD EUCLICEAN
-EQ.2 STRIP AND L1
-£Q.3 HO STRIP AND EUCLEDEAN
-EQ.4 HD STRIP AND L1,
RMULATION AND DJSTANCE
IEISURE RESPECTIVELY

J5CaJFT
JPT=JPT4)

STRIP GERERAT10W

DETERMIN
MS(\'(J JPT) -¥{3.05C)) 55

L1]

JPT=JPT+]

JPT=4PT-1

CONPUTE MEAN OF STREP
il AL

1. FOR 1«10 SET
v3{1)=0.

i FOR JeISCLIPT WO
], KD SE
vs]i]-vsit]ﬂr(l,.n
1. us-.mn-asc

4. FOR 31,
h‘SHl = ¥S(1}/H8

CD*.

ASSIGN TO IMIN AND UPDATE
STATISTICS

FOR =8¢ JPT
1[0 f=tmen
TOIS(J)wRMIN
CALL SEQST

YES ND

©

SPECIAL CASE LAST I
POINT EX1T NITH

T IMG . CEFINES CLUSTER WAP

D S
\ls[l) = V(ILNY) TDIS - CEFTHES THRESHOLD ARRAY
KS=1, J5C=JPT

YMP VARP \NVG - UPOATED VALLES

IRDUTF
FIND NEAREST KE/ FIND NEAREST MEAN
USIRG EUELIDW DISTANCE USTNG L1 DISTARCE
CALL MINDIS RMIN=1,E+38
DO 3 J=1,MvM
T=0.

" Iers:as[m[J 3)-v5
=T 4] -]
.G el 14} @ H

IHIH
36 DONTINUE

!

ITRCLU-18

FIND NERREST MEAH USING
EUCLIDERN MEASURE, ASSIGN PDINT,
AND UPDATE STATIST[CS

FCR [=1.4Y
1. {AML MIRDIS

2. [Ma(1)~
TOIS{I)“RHIN

3. CALL SEQST

FIND WEAREST MEA® USING L1
MEASURE, ASSEGN POINT AND
UPOATE STATISTICS

FOR I=1.HV

1. RMIN=1 E+38
DO 310 J=1 ,HYM
I’-O

w8 T-TMBS(VH(I'I J)-\'[]'I 1)
LE(T, EI' RMIN] 60 TC 310

310 CONTINUE
2. IMG{I)=IMIN
THS{T}=RHIN
3. CALL SEQST

VATCI 1 OF 1



TITER WITH ]

LCHAR - 1F .EQ.INS USE SPLIT ALGORITHH
JEQ.THC USE COMBINE ALGOAITRM
VMP - CLUSTER MEAN VECTORS
VAR - CLUSTER VARTAICE VECTORS
ND - DIMENSICH OF VELTORS
MVM - MUMBER OF CLUSTERS
H - HUMBER OF POINTS ASSIGNED TG EACH CLUSTER
HMIN - ELIM[NATION THRESHOLD (WUMBLR OF POTNTS)
- THi.ESIlOLD FOR SPLITTING, uniT5 OF THE STAMDAAD

- I'HRESHOLD FOR COHB‘IHING 1F [SO0AT.EQ.C T2 HAS
UNITS OF THE DATA, SOOAT.NE.O T2 IIAS HO UNITS

SER = O.I.ISTEH CHANHELS HITH SIEMAS.ET, Th MEANS ARE
SE lT INTG TWO MEANS DEFIMED BY MEAN + AND -

[50DAT FLIE DEFLHING COMBINING ALGORITHM,
UNWE [GHTED DISTANCE,
D STANCE MERSURE
NVMMAY - MAXTMUM KUMBER OF CLUSTERS ALLOWED
1Y - TTERATION NUMIER
IF - PRINT FLAE, IF,FQ,Q D PRINT, IF ,KE.O PRINT

1F.£Q.0 USE
IF .NE.O USE WELGHTED

Tiz=Tiww2

ELIMINATE CLUSTER I 8Y
PACKING YMP.VAR.AND N
TQ ELIMINATE [-TH SLOT

CALL PACK FOR YMP
CALL PACK ¥QR VAR
CALL PACK FOR N

HyM=HyM-1

NVKP-NVH

Eﬁ

LsL+)

—(

DETEAMINE MANIMUM OF L-TH
VARTARCE VECTOR, STORE VALLE
IN VARM AND INDEX [N 1M

YARM=0,
DO 60 [=1,H
IF(\'AR[l

AR{1,L

Ll LTVAM]SGTOSO

IH-I
60  CONTENUE

Ho

W YES

e
SPLIT CLUSTER MEAN L
ALONS TM=TH CHAMHEL

ks

FOR I=1,MD SET
YHP{I  NYM)=VHF{T, L
VAR{T NYM)=VAR|L,L

TEMP=YMP(IM.L}
VARN=SQRT { YARM)
YNF{IN,L) + TEWP +

SEP*YARN
YHP[IN,

NVM|= TEWP -
N{NyM)=0 SEP*YARM

PRINT MESSAGE
ON ATTEMPTED
CLUSTER OVER-
FLow

—Q©

EXIT W1 I

1 IPFD PRINT SPLIT
MESSAGE

YWP YN - UPDAYED VALUES

DETERMIKE NEAREST THD CLI.ISTER
MEMNS USING M LPIWE

DISTANCE MEASURE, STM.E INDICES
IN 11 and IZ AND DISTANCE

IN RMIN

CuLL 08

DETEAMINE NEAREST AEMAINING CLUSTER
T0 CLUSTER [, STORE WEIGHTED DISTANCE
[K RMIN AHD INDICES In [ AND [2

\?1!"-1 138
W 106 =T,V

nn 104 =k N
nu-mao{vmx 11-R(R, 3] %2 )/
[SORT{ VAR(K, I)-m(r MIH
IFLDLY, 1;1 RUIN} GO
FMLi=DL
111
I2m)
D6 CONTIKUE
RUTN=SORT(RHIN)

10

=

RMIN=T2

ND

R TZ

Yes

ITRCLU-19

MERGE CLUSTERS I1 AND 12,
UPUATE MEAN AND WELGHT FOR [1,
ELIMINATE B.USTER [2 DATA IN
™ YAT2, AND

b, CALL MOCIFY

2. CALL FACK FOR vHp
CALL PACK FOR ¥AR
CALL PACK FOR N

3. HYM=NYN-1
4. IF IP#0 PRINT WERGER MESSAGE

20
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MINDIS

ENTER WITH

V - SET OF VECTORS

YT - VECTOR

ND - DIMENSION OF EACH VECTOR
NV = NUMBER OF VECTORS IN V

l

DETERMINE NEAREST VECTOR IN
Y TO VT USING EUCLIDEAN
DISTANCE MEASURE

1. RMIN = 1. E+38
2. FOR I=1, NV

a} COMPUTE DISTANCE
BETWEEN VT AND I-TH
YECTOR IN V - STORE
DISTANCE IN D

b) IF D < RMIN SET
J=1 AND RMIN=D

'

EXIT WITH

RMIN - DISTANCE TO NEAREST
VECTOR
J - INDEX TO VECTOR

ITRCLU-20
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SEQST

ENTER WITH

X = SAMPLE VECTOR

M = 0LD MEAN VECTOR

V = OLD VARIANCE VECTOR

I = OLD NUMBER OF SAMPLES
ND = DIMENSION OF VECTORS

1

YES
I-07

NO

|
INITIALIZE

M=X
V=0
I=1

=1 onnu

INCREMENT SAMPLE COUNTER

I=1+]

COMPUTE DIFFERENCE BETWEEN
SAMPLE AND OLD MEAN

D=X-M

y

COMPUTE NEW MEAN

|

COMPUTE NEW VARIANCE
VECTOR

FOR I=1,ND
V(1 = 155 ()

+ D{I)*D(I}

EXIT WITH
M = NEW MEAN VECTOR
¥ = NEW VARIANCE YECTOR
I = NEW NUMBER OF SAMPLES

SEQST 1 OF 1
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CLOS

ENTER WITH

V- ARRAY OF VECTORS
ND - DIMENSION OF EACH VECTOR IN
NV -~ NUMBER OF VECTORS IN V

l

DETERMINE NEAREST TWO VECTORS
IN V USING AN EUCLIDEAN MEASURE

1. RMIN=1.E+38

2. FOR I=2, NV
SET Kl=I~1
K2=1 AND

a) DETERMINE NEAREST VECTOR
IN V FROM K2 > NV TO
VECTOR K1 - CALL MINDIS

b) IF NEAREST DISTANCE D<RMIN

* SET RMIN=D AND UPDATE
INDICES J1 AND.J2:T70:
. YECTOR PAIR

J

EXIT WITH

RMIN - DISTANCE BETWEEN
NEAREST PAIR
J1,J2 - INDICES TO PAIR

ITRCLU-22

CLOS 1 of 1



Using the MAXLIK Option

Upon entering the MAXLIK option the user must select one of the sub-
options REDSIG, INPSIG, PROCSS or QUIT.

REDSIG allows user to retrieve previously saved spectral signatures
(mean vectors and covariance matrices}. For one or more signatures to be
retrieved, the file number on which signature(s) were saved must be input.
Entry of O terminates the REDSIG suboption. The routine used to retrieve
signatures (REDSIG) contains an option to display each of the retrieved
signatures as they are located on the signature file. A user response of
YES will cause the signatures to be displayed - any other response will
bypass the display. Following this, user must enter a name under which
given signature was saved, and then the actual retrieval (and display if
requested) takes place. Up to 12 signatures may be retrieved this way.
An entry of NOMORE for signature name causes the retrieval process to
terminate. The retrieved signatures may then be used by the PROCSS sub-
option.

INPSIG allows the user, as an alternate to REDSIG, to input the signa-
ture data directly. Its parameters are

NVM = number of signatures (means and covariances to be entered)
ND = dimension of each mean vector

VM = the mean vectors, a one-dimensional array of ND x NVM values
representing the matrix of mean vectors input by columns.

COV = the covariance matrices, a one-dimensional array of (NDxND)xNYM

values representing the NVM ND x ND full matrices.

Once the signatures have been retrieved (or input) PROCSS is called to
process the data. This option first prints out the interclass distance array.
This array gives the maximum likelihood measure of the distances between the
mean vectors of the various signatures. Then the observation data is pro-
cessed. Upon completion a class summary is displayed. This summary gives
the class number {which corresponds to the order in which the signatures were
input), the assigned symbol, and the class size resulting from the processing.

QUIT returns control to the ASTEP driver.

MAXLIK-1



MAXLIK OPTION
SAMPLE 1 INPUT AND CORRESPONDING OUTPUT:

ENTER ASTEP OPTION OR TYPE A BLANK
. __mtt-rx . - —— e e — e . —— — - —

MAXLIK OPTION
- - TEEENEEWEEWEERER O - -

-~ CHOOSE MAXLIK OPTION FROM ~—- - - - ---

REDSIG FROCSS QuIY INPSIG
>INPSIG B o

SININPS  ND.NyM,VMsCOV ' '

NO=s 4 NyM= £
SIGNATURE |
MEAN 4 BY |
- ___‘.-_A e i - - - - PR —_ e e e
-4 e BIWEDO e e © e
2 R 900
e e Ll 1 1 B
L] 81400
e - ——EOVMAT - 4 AY g — e s
1 2 3 y
1 1000 «000 «00D 200D
= e B0E 44008 F000 o W BEE— =
3 000 2000 1,000 +000
4 -y 388 — 000 - - 800 -— - 1000 —— e —
SIGNATURE 2
MEAN 4 8y |
e i . — — ——— - — e —_—

= BB e B

2 944500

—3 e - Ty 35D —

4 80.300
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[ — - B B - A e
1 2 3 iy
| {«000 + 000 +00D + 000
et s o0 e - — - - - -
3 »000 +000 1.000 « 000
- — B — — 880 — —— 0060 ————{+¥ 0600 e e o
SIGNATURE 3
MEAN 4 8Y 1
. 1 . - e TR - _ - ——r
S G i A # 1 + M e e
2 82.800
- ye——B b e B0 —— - — e — - — -
4 130300
VMR — — W RBY - g o e — e
! 2 3 4
' 1586 800 — 800 - —vB00——
2 «000 1.000 «00D + 000
— Yy 00000 000 000
4 « 000 + 000 + 00D 1000
GIGNATYURE ¢ o )
' MEAN 48—
1
1 8b.100
—2 97408
3 94,200
-——4 200 B
COVMAT 4 Y 4
T r4 ¥ 9 -
1 T.00D W+ UDD + 00N +U00
2 « 000 l.000 « 000 « 000
3 000 + 000 15000 rRi1ele; -
q « 000 «000 « 000 1000
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— - "m_. q ﬂ,,.j.. . - e e
1

| B2.800
P ZA‘.L _r.“_'_-.a.ﬂ.ﬂ_._ —_— e —— - ——— — e e

3 110400
T - I B I & et

COVMAT 4 BY 4
— -_rr....v.,...ﬁ_zﬁw. —— ...3_. Ceme— e e 4’ JR— — e e

Y T re D0 — 00— 5000 - 0o - - CoTT O o T
2 « 000 1.000 « 000 «000
- 3,_ . -raee R —"rﬁﬁ'& S ..._.._t_. aﬂﬁ_.—... . ‘Gﬁﬁ’ e e o ¢ e e e
4 « 000 « 000 wOnnN 1000

t¥PEYES-IF INPUTS ARE—OK- - - o= o
>YES

CHOOSE MAXLIK OPTION FROM
REDSHS PROCSS —QUET - ihpSIe -~ © - — - -~ - e

>P_R_ees_s___ fm e e e e e e — - e — PR — — Y —————
Ic 018 S BY & .
o ..I____._. .-._"____..__2,__,_;,, — - 3, e - R - #5,* - e e e

1 v 000 274,410 950,040 12914750 3067,3%
-2 —-274,%10 . 0DD - }544,99n. 513,889 622,060 —————
3 950,040 1564.990 +000 3004.770 4517,170

4. 291,950 533 +880 3D u 70 +~hop--64R 785
& 3InAT7.,3%0 1422,0460 4517,17n0 SuB.7R0 «+00p

eLASS SYMBOL_ SIZE

ono »
!
i
|
!
!
;
|
i
\
\

—CHOBSE Mt OR TN RO — - -
REDSIG PROCSS QUIT INPSIG
>QulY : .
o THE - T FoN- AL REQUIRED———— 5+ 6084 SECONDS of —CPU—TIMET —

E A A & & )

T T TR A i - S Sy - AW
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MAXLIK OPTION

SAMPLE 2 INPUT AND CORRESPONDING OUTPUT:

ENTER ASTEP OPTION OR TYPE A BLANK

>MAXLIK

MaxLIk

gpTioN

CHODSE MAXLIX OPTION FROM

REpDSIG PRDCSS QUIT INPSIG
PREDSIG
CHOOSE FILE NUMBER FROM | OR 2 DR CHODSE O TO QuIT,.

>

INPUT vESs TO PRINT SIGNATURES RETRIEVEpD FROM FILE )

>YES

LIST NAMES FOR SIGNATURES.
>51Ga

END LIST w1TH NOMORE.

SIGA ND = 4 g = 1 6 9 12
NUMi)) = 438
MEAN 1 8Y 4
1 2 3 4
1 74,737 B2,826 56,037 110,25}
COVMAT 4 BY 4y
! 2 3 Y
| 4348 b 1,428 =2,%00
2 w543 2,071} l.082 1.00%
3 1.428 1.082 1,463 -3.927
y «2.900 1,009 -3,927 S4,102
>NOMDRE
CHOOSE flLE NUMBER FROM ! OR 2 QR CHOOSE O TO GQulIT,

>]
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INpGT vES TOD PRINT SIGNATYREs RETRIEyEp FROM FILE 1
>NO '

LIST NAMES FOR SIGNATURESe ENp [ IST WITH NOMORE.
>SiGa

SIGB ND = 4 g * I & 912
NuM{1) = 428
>siGce

516C ND & 8 g = 1 & 9 ]2
NUMEg) & 474
>S1GDE

SIGpE Np ® % K = 1l & % 12
NUM{}) = 339
»NOMORE

CHOOSE FILE NUMBER FROM | OR 2 OR CHOOSE O TO qulT.
>D
4 SIGNATURES HAyE BEEN RETRIEYED

CHOOSE MAXLIK OPTIDN FROM

REDS)G PROCSS QuUIT INPS]G
>PROCSS
Ic DIs 4 BY 4
1 2 k) 4
1 740184 135,893 38,095 635,668
2 169,933 7el56 36,054 1114352
3 354748 33,383 B.,552 227,064
4 2024452 47,.,10% 43,208 11.8%0
CLASS SyMBOL SIZE
1 A 44D
2 8 420
3 o 475
Y 1] INA
CMOOSE MAXLIK OPTION FROM
REDSIS PROCSS QUIT INPSIG
*QuUIT
THE OPTION MAXLIK REQUIRED 5s1126 SECONDS OF CcPU TINME,

U-.-.-.--..-.n--..-.-----q-.-.----.—--..-----t...--.w.---.‘-
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MAXLIK ENGINEERING DESCRIPTION

PROCSS is the only MAXLIK option requiring an engineering description,
PROCSS classifies the data vectors via a maximum likelihood algorithm.

Define
- -th
Mi = mean vector for i class
Ai = covariance matrix for ith class
X = sample data vector

then, for each sample vector X the i for which

(= M)T a7 (X - M) an (1)

is minimized is determined.

An alphabetic image array or map of the resulting classifications is
generated. The correspondence between the class numbers and alphabetic
characters is i=1 is an A, i=2 is a B etc. The threshold distance for the

image display for each sample data vector or pixel is the chi-squared
variable

T, -1
(X - Mi) A (x - Mi)

where the 1 is the one which yields the minimum of the expression {1).

Prior to classifying the data, PROCSS generates and displays an inter-
class distance array defined by

di' distance of class i from class j in the maximum
b Tikelihood sense

fl

T, -1

J
The matrix D = (dij) is then displayed.

The maximum 1ikelihood algorithm is reported in Reference 12.
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MBXLTK

EKTER WITH |

YM.COV,B - STORAGE ARRAYS FOR MERNS,
COVARTANCES AND WORXING
AREA RESPLCTIVILY

11,12 - UNIT NUMBERS FOR SIGNATURE

F1i |

ES
BUF - LARGE AUFFER ARRAY
TBUF1 | PARTITION BUFFER I[NTO DATA,
[BUF2 ) [MAGE, AND TMRESHOLD AREAS
NRT - NUMBER UF DATA RECOADS
ND - DIMENSION OF DATA VECTCRS
DATUNT | DATR AND IMAGE LNTT
IMGUNT | HUMBERS RESPECTIVELY

USER OPTION SELECTION

1. CUE USER

2, READ RESPONSE

3. GO TO APPROPRIATE ENTRY
PDINT

OFTIDN=REQS G

OPTI0N=PROCESS

AETRIEVE SPECTRAL MEANS
AND COVARIANCES

COMPUTE [NVERSES CF
ALL COVARIANCE MATRICES,
COMPUTE AND DISPLAY

CALL REDSIH TRTER-CLASS BISTANCE
KATRIX
CALL ICD
YES l
INITIALTZE
[}
1, INRT=0
INFORM USER THAT 2. FOR [=1,HVM SE
SIGNATURE AND DATA HYG(I1=0 :

DIMENSEONS ARE NOT
EQuAL

INRT=[NRT+1

PROLESS [NRT-TH DATA
RECORD

CALL SAYIMG

° OPTION=QUIT

1

PAINT RUN SUSMARY

MAXLIK-8

OPTLON KOT
RECOGNIIED

f[NFOM USER OF INVALTD OPTION l
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QF

ENTER WITH

V - VECTOR

W - WEIGHTING MATRIX
ND - DIMENSION OF V AND W

EVALUATE QUADRATIC FORM

For T =1, NDand J = 1, ND

1.

Set D = D + V(I)*W(I,d)*v(J)

EXIT WITH
D

QF 1 of 1

MAXLIK-3




INPSIG

ENTER WITH

M ON O

COV _ COVARIANCES, DIMENSION, AND

ND ~ NUMB
NYM  RESP

UTPUT CONTAIN MEANS,

ER OF SIGNATURES
ECTIVELY

I

CUE USER FOR
$ININPS INPUT

l

READ $ININPS AND
DISPLAY DATA

|

INFORM USER TO TYPE
YES IF INPUTS OK

RESPONSE

YES

RETURN

INPSIG 1 of 1
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ICD

ENTER WITH
¥M, COV - APRIORI MEANS AND
COVARTANCES
ND - DIMENSION OF EACH
VM AND COV
NYM - NUMBER OF MEANS AND
COVARIANCES

]

COMPUTE INVERSE OF
EACH COVARIANCE

¥. COMPUTE INVERSE OF
EACH MATRIX IN COV
ARRAY AND STORE
BACK IN COV

2. STORE LN OF EACH
DETERMINATE 1IN
OET ARRAY

J

COMPUTE INTER-CLASS DISTANCES

FOR I=1, HVM AND J=1, NVM

1. SET YD{K)=yM({K,I}-VM(K,J),
K=1,ND

2. CALL gFf
3. SET D{I,J)=DET(I}+T

]
DISPLAY D

PRINT MATRIX D

EXIT WITH

COv - INVERSES OF INPUT
MATRICES

DET - LN OF |cOvV)

MAXLIK-11
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MAXLI

ENTER WITH
v - GROUP OF VECTORS TO BE CLASSIFIED
ND - DIMENSION OF EACH VECTOR
NV - NUMBER OF VECTORS IN V

YM - APRIORI MEANS OF SIGNATURES

COVI - APRIGRI COVARIANCE INVERSES FOR SIGNATURES

NVM - NUMBER OF MEANS AND COVARIANCES

DET - LNTEE THE DETERMINATE OF EACH COVARIANCE
MATRIX

NVG - ARRAY DEFINING NUMBER OF POINTS PREVIQUSLY
ASSIGNED TO EACH CLASS

Y

SET JPT TO ZERD

'
UPDATE JPT
EXIT WITH
YES
NVYG - UPDATED VALUES
NASGN } IMAGE AND
TDIS THRESHOLD
D
NO ATA
COMPUTE MINIMUM DISTANCE, MAXIMUM
LIKELIHOQD, FOR JPT-TH VECTOR -
STORE DISTANCE IN R AND INDEX
IN IMIN
ASSIGN JPT-TH VECTOR
MAXLI T of 1
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Using the NEWS Option

The NEWS option provides a convenient method for communicating to the
user minor changes to the ASTEP program by reading information from unit
15 (file name NEWS with qualifier TRW-T33710) and printing it. This data may
be written or modified by UPNEWS option. The latest information is always
printed first.

After requesting NEWS, the user is asked to input either the number of
lines to be printed or, ALL to indicate all of the remaining file is to be
printed, or QUIT to indicate that no more print is requested. If the number
of 1ines option is requested, the user will again be queried for additional
lines, ALL or QUIT. The process is repeated until the file is complete, or
~ALL or QUIT 1is 1input.

Three samplie uses of the NEWS option follow. In the first sample, the
ALL response is used to print all 1ines in the NEWS file. In the second
sample, only the first three lines are printed. Then ALL is requested to
print the remainder of the file. In the third sample, NEWS is entered and
three Tines are printed, followed by two more lines, and QUIT to indicate
that no further printing is requested.

NEWS-1



NEWS OPTION
SAMPLE 1 INPUT AND CORRESPONDING OUTPUT:

ENTER ASTEPp OPTION OR TYPE A BLANK
>NEWS

NEWS OPTION

NEWS OPTIGN REQUJRES FILE NAME NEWS TQ BE ASSIGNED
I NOT ASSIGNED INDICATE QUIT,
QulY FROM ASTEP, ASSIGN NEWSs ANp RE=EXECUTE ASTEP.
INPUT ADDITIONAL LINES T0 BE PRINTEDs ALLe OR QUIT
>aLlL
THIS IS A SAMPLE NEWS FILEs
It WILL DEMONSTRATE THE ALL AND (INE COUNT
OpTIONS OF NEWS,
UpON FIRST ENTRY 70 NEWS, THE ENTIRE FILE WILL
Bg PRINTED.,
THE SECOND ENTRY PRINTS THE FIRST 3 LINES FOLLOWEDp
By THME REMAJNCER OF THE FILEs
THE LAST ENTRY PRINTS THE FIRST 3 LINES FOLLOWED
By 2 ADDITIONAL LINES,
THE OPTION NEWS REQUIRED 20494 SECONDS OfF CPU TIME.

R S T E AR S s e S S Nt e E SRR a e a S Sy me -
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NEWS OPTION
SAMPLE 2 INPUT AND CORRESPONDING OUTPUT:

ENTER ASTEP OPTION OR TYPE A BLANK
>NEWS

NEWS OPTION

NEWS OPTION REQUIRES FILE NAME NgWs TO BE ASSIGNED
IF NDT ASSIGNED INOICATE GUIT,
QyutT FROM ASTEP+ ASSIGN NEWS: AND RE-EXECUTE ASTEP.
INPUT aDDITIONAL LINES To BE PRINTED, ALL» OR QUIT
>
T:ls 15 A SAMPLE NEWS FILE.
It WILL DEMONSTRATE THE ALL AND LINE COUNT
OpTIONS OF NEWS,
InPUT apDITIONAL LINES TO BE PRINTED, ALL» OR QUIT
>
u;:: FIRST ENTRY TO NEwS, THE ENTIRE FILE Wiki
BE PRINTED.
THE SECOND ENTRY PRINTS THE FIRST 3 LINES FOLLOWED
By THE REMAINDER OF THE FILE~.
THE LAST ENTRY PRINTS THE FIRST 3 LINES FOLLOWED
By 2 ADDITIONAL LINES,
THE OPTION NEWS REQUIRED » 0494 SECONDS OfF CPU TIME,

NEWS-3
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NEWS OPTION
SAMPLE 3 INPUT AND CORRESPONDING QUTPUT:

ENTER ASTEP OPTION OR TYPE A BLANK
>NEWS

NEWS OPTION

NEWS OPYTION REQUIRES FILE NAME NEWS TO BE ASSIGNED
lg NOT ASSIGNED INDICATE QUIT,
QutT FROM ASTEP, ASSIGN NEWSs AND RE=-EXECUTE ASTEP.
INPUT ADDITIONAL LINES TO BE PRINTED, ALLs OR gUlY
>3 , .
THIS 15 A SAMPLE NEWS FILE

Iy WILL DEMONSTRATE THE ALL AND LINE COUNT
DpT10NS OF NEWS.

INPUT ADpDITIONAL LINES TO BE PRINTED, ALL+ OR gUIT
>2
UpON FIRST ENTRY TO NEwS, THE ENTIRE FILE WILL
Bg PRINTED,

INPUT ADDITIONAL LINES TO BE PRINTED, ALL» OR gUIT
>guIT

THE OpTION NEWS REGUIRED +0466 SECONDS OF CPU TIME.

TR gy g S A g e TR T R D MR D gy A N e W Y gy W gy T T e T o e T e ey
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NEWS ENGINEERING DESCRIPTION

NEWS does not require an engineering description - see the foliowing
flow diagram.
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NEWS OPTION

WRITE
INPUT ADDITIONAL

ENTER WITH #0PT
ICPT = 1 NEWS OPTION
106PT = 2 UPHEWS DPTION

{

WRITE

"NEWS DR UPNEWS" OPTION REQUIRES
FILE HAME MEWS TO BE ASSIGHED.
TF HOT ASSIGHEL, [WDICATE QUIT,
QUIT FROM ASTEP, ASSIGN NEWS,

D R

E-EXECUTE ASTEP,

[WR=0
JCUR=G
ASSIGN B TO 160

l

60 TO (A,F),10PT

JMAX

LINES TO BE PRINTED,
ALL, OR QUIT

RETURN

l

READ 1

=0

60 To 160,(B,D)

JMAX = 100000

MUMBER

TRANSLATE NUMBER
OF LINES TO BE PRINTED

INTO JMAX

OF

REHIND NEWSUN
READ MUCH
{MUCH 1S THE HUMBER

WORDS OH THE NENS

FILE)

l

[CUR=0

NEWS 1 of 6

NEWS-6
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HBUFSZ

WRITE

<D REQUIRED BUFFER

SIZE "tWCH" IS

-IAUCH

LARGER THAN
CURRENT BUFFER
SIZE "NBUFSZ"“, SET
TO CURRENT BUFFER

READ ON UNIT NEWSUN
(BUF(1),I=1, (UCH

!

ASSIGH D TO 1GD

SIZE

HucH = NBUFSZ

GO TO (T,6), 10PT

$

[HCRENENT FROM END
OF BUF TO START DF BUF

J2 = MUCH -10*1CUR
[CURM = ICUR + JMAX

i

J1 = Je-§

<0
] RETURN
=0

TCUR=ICUR+1

1

WRITE {BUF{J),J=d1,d2),ICUR

>

< Q

J2=02-10

NEWS 2 of &
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UPNEWS OPTIOH

WRITE
CIOOSE FROM INITAL, HDDIFY,
PRINT, AND QUIT

l

READ IP

WRITE

INPUT DATA TN

FIRST 60 COLUIMNS,
TERMINATE WITH QUIT

INITAL PRINT

YES

‘ RETURN '

WRITE WRITE
= ~ MODIFY MAY BE EXECUTED A
JCUR=HBUF5Z-9 DNLY OHCE FOR EACH BEFORE PRINT
vl LPNEVS CALL
J2=JCUR+9

READ(5}(BUF(J) ,d=JCUR,J2 I

I=NBUFSZ-9
k=1
J1=HBUFS 2~ JCUR]

JCUR=J2+] — ‘
Ja]
BUF IS PRINTED
FROM THE BOTTOM
TO THE TOP
112044
JCUR=JCUR-10 WRITE (BUF{12),1Z=1,11)K
K=K+1
WRITE
00 HUCH DATA SOME OF THE ‘
LAST DATA NQT INCLUDED
‘ I=1-10
REWIND HEWSUN *
J=NBUFSZ-JCUR+1
‘ J=J+10
WRITE (HEWSUN}d
WRITECHEWSUN) { BUF (1} , d=JCUR, HBUFSZ) .
i | =

REWIND WEWSUN

TWR=1 e

NEWS 3 of 6
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JL=NBUFSZ

WRITE

MODIFICATIONS TO HEWS

MUST BE IN -N,M FORMAT.
THITIAL DATA FOLLOW-D

OR HODIFY CARD. NCDIFICATIONS
TERHINATED BY QUIT CARD,

O

COMPLETE THE FILE

1

KL =HUCH
Kg=1

1I5=190
IL =~

o

READ {16{I},1=1,10)

GO TO DECODE =N ,M

J=KL

B

J1=1

I

BUF(JL}=BUF(3}
dL=JL-1
J=J-1

J

J1=d1+1

JCURRJLH]

JL=JL-10 ——@
50 YES
JLHT-KL 4 Ao JL<D '
< NG
WRITE =1
WARNTHG Wk
CARD DROPPED FROM
NEWS FILE At *
L NEW CARD [~
1 sur{k)=10¢J}
REMOVE: el L
OLDEST cARp | KL=KL-T0 i
J=2
—u— BUF({J-1)=BUF(3+9)
J=+1
<0 WRITE
BUFFER FULL, ENTER
QuIT
>0 r
SKIP DOWN READ ID(1)
T0 QUIT
o # QUIT
NEWS 4 of 6 = quIT
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[
;I'I:I! nr-uw
—_—

oo

iyt

DETERNINE

[N J1 THE INTEGER
CORRESPONDING TO
BITS I THROUGH I+5

OF WORD ID(J}.

Jl =1 FOR 0, 2 FOR 1
ETC, IF NOT AN
IRTEGER GD TO K OTHER-
WISE GO TO L

DETERMINE -1,H

WHERE N CORRESPONDS TO IS
AND M CORRESPONDS TO TIL.
NOTE IS EQUIVALENCED TO
[HOD{1} AND IL EQUIVALENCED
TO IMOD{2).

GD TO (M,M),K

BULLD
IMOD( K) =IMOD(K)*10+31-1 | NUMBER

K=K+1

ARE BITS I THROUGH

145 OF 10{J)=,

IL=-1 -—-—(::::)

I1=1+6

YES

YES

[HCREMENT
WORD COUWTER

HO | WRLTE 1D
ERROR IN MODIFY PROCESSIHG
THE FOLLONIHG CARD

——{ RETURK

NEWS 5 of 6
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l

ASSIGN N TD IGG

l

ASSIGN [ TD IGG

J=KL ’
{ J=IL-KC+1
KL=KL-10
< Q
J
>0
KL
KL=KL-J*10 | REMOYE
KC=KC+3 A CARD
>0
KC=KC+
I=1
EEFSiL%=BUFIJ) MOVE DATA
T T0 START (-N)
1=1+1
60 TO 186,(H,0)
NEWS 6 of 6
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Using the QUANTZ Option

Upon entering QUANTZ the user must define values for the parameters

XMIN | . minimum and maximum intensity levels of interest

XMAX 1 in the single channel to be used

NQ = number of equal divisions desired between XMIN and
XMAX

KCH = the channel component of the data to be considered,

for example if channels 1,6,%, and 12 have been ex-
tracted via DATDEF and KCH = 3 then channel 9 will
be used in the quantization process

The default values for these parameters are

XMIN = 0,
XMAX = 255,
Ng =8
KCH =1

At the completion of the 1magepgeneration process QUANTZ displays the
largest and smallest samples encountered in the data. Upon exiting QUANTZ
a grey scale character map is available for display by IMAGES, the upper
and lower bounds for each class are included.

QUANTZ-1



QUANTZ OPTION
SAMPLE INPUT AND CORRESPONDING OUTPUT:

ENTER ASTEP OPTION OR TYPE A BLANK

UQUANTZ

G ENGUAN—— KMy N M A NG K EH————

SINGUAN

COXMIN - e 88800008400
XMAX = v 25500000E*+RY

N - ) 76 N e
KCH = +2
SEND
TYPE YES HF INPUTEBK—— ————— —— e e
>YES

A AREEST v ALUE—n PO SMALLEST-VALYE = 4D -

CLASS—S¥HBOL —SHIE—LHrBND+—UP T BNDP— ————— — -

1 A 0 «00 « 00
r B D 00 TS5+ 9% —
3 C 0 16e94 31,87
L I b— 81
5 £ 1721 4748} 63,75
RN A S .1 SRR T 4T A FY A 4
7 G 142 794469 96,62
- A S A T ITTess
9 H 4p 11186 127.50
3t 2yt Y e
11 K 1 14923444 159,37
2 + w5 3T S 3 =
13 M 0 17543 191425
L A e Sy | 8 -+ 4 £ & i
15 0 0 207419 223,12
T r T P 223 T2 2y O -
17 @ 0 239,08 255,00
B & S — 0 —2%s%00 ,
THE OPTION QUANTZ REQUIRED «548B SECONDS OF cPU TIME,

.-w-qq--Q---ﬂ..--...-w---ﬂ--#..p----.-mq--..,"--ﬂ----.ﬂﬂq..
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QUANTZ ENGINEERING DESCRIPTION

QUANTZ generates an alphabetic image array or map via a quantization
procedure on one channel of the data. The size of the quantization cells,
their number, and range are specified by the user.

Define
X,
! th
boundaries of i~ cell
X1‘+]
v sample from the channel of data to be quantized

Then the guantization character, in the image array, assigned to v is

Xi s v<X character code i {(with 1=B, 2=C, etc.)

i+l
vV < X] = XMIN character A
V2 X ® XMAX  the "NQ+2"nd Tetter of the alphabet

The distance values for the image display of the image generated by
QUANTZ are all zero.

QUANTZ-3



ENTER WITH

BUF - LARGE BUFFER AREA
IBUF1 } PARTITION BUFFER INTO
IBUF2 EATii IMAGE, AND THRESHOLD

RE.
WBUFSZ - SI1ZE OF BUFFER
NRT - NUMBER OF DATA RECORDS
ND - DIMENSION OF DATA
DATUNT | DATA AND IMAGE UNIT
IMGUNT | NUMBERS RESPECTIVELY

USER PARAMETER INPUTS

1, CUE USER
2. READ AND WRITE NAMELIST DATA

3. CUE USER FOR POSSIBLE
ACLEPTANCE QF INPUT

YES

INITIALIZATION

1. IF NQ»26 SET NQ=26

2. INRT=0
3. ZERD THRESHOLD SEGMENT
OF BUFFER
INRT=INRT+1
YES
INRTsNRT

NO

PROCESS INRT-TH RECORD
OF DATA

CALL RETDAT
CALL GRYAPH
CALL SAVIMG

|

—

DISPLAY LARGEST AND SMALLEST SANPLE

VALUES, CLASSIFICATION SYMBOLS, SIZES,
AND BOUNDARIES FOR THE SELECTED CHANNEL

QUANTZ-4
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GRYAPH

ENTER WITH

X - DATA VECTOR ARRAY

ND - DIMENSION OF EACH VECTOR IN X
IIX - HUMBER OF VECTORS IN X
XMIN,XMAX,DX - DEFINE LIMITS AND QUANTIZATION INCREMENT

OVER WHICH DATA WILL BE QUANTIZED

KCH - CHANNEL POSITION IN EACH VECTOR OF X TO BE

QUANTIZED

XS,XL - PREVIOUS VALUES OF SMALLEST AND LARGEST SAMPLE

|

EPS=1.E-7

]

GENERATE GRAY SCALE IMAGE (ALPHABETIC
CHARACTER) IMAGE VIA QUANTIZATION OF
KCH-TH CHANNEL POSITION

DO 1040 J=1,NX
K=(J-1)*ND+KCH

XK=X(K)

IF(XK.LT.XS) XS=XK
IF{XK.GT.XL) XL=XK

IF (XK.LT.XMIN) GO TO 1000
IF {XK.GT.XMAX) GO TO 1020
I=INT( (XK~ XMIN-EPS)/DX)+2
IMG(J)=I

NVG(I) = NVG(I) + 1

GO TO 1040

1000 IMG(J)=1

NVG(1) = NVG(1)} + 1
GO TO 1040

1020 IMG(J) = NVM

NVG( NVM ) = NVG{ NVM ) + 1

1040 CONTINUE

!

EXIT WITH

XS,XL - UPDATED VALUES
IMG - DEFINES IMAGE

QUANTZ-5
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Using the TRNFLD Option

The TRNFLD option is used to classify data in a way that makes the
computation of statistics for training fields convenient. Each pixel is
given a class number equal to the number of the field containing the pixel.
With three fields, for example, all pixels in field 1 are put into class 1,
all pixels in field 2 are put into class 2, and all pixels in field 3 are
put into class 3. This makes it possible to compute statistics in FACTOR
for each field by asking first for A, then for B, and finally for C.

To use the TRNFLD option it is necessary to input the option name only.
No other card inputs are required.

A data file must be available on DATUNT for TRNFLD to read, and file
must be assigned on IMGUNT for TRNFLD to write.

Printer output from TRNFLD shows the class numbers assigned to each
field, the corresponding class symbols, and the number of pixels in each
class.

TRNFLD-1



TRNFLD OPTION
SAMPLE INPUT AND CORRESPONDING OUTPUT:

ENTER ASTEP QPTION OR TYPE A BLANK

>TRNFLD

TRNFLD OPTIDN
EZTSESEgE=CSaS3pz

FIELD CLASS SYMROL PIXELS

1 1 A 105

2 2 ) 207

i} 3 ¢ 133

y 4 D 77

5 g 3 b5

A 6 F 56

7 7 G 195

8 L 1 81

9 9 J 119

19 10 K 140

THE OPTION TRNFLD REQUIRED «JB12 SECONDS OF CPU TIME,

bl B Rl R R R i Rl R R R R e N R NN I R R
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TRNFLD ENGINEERING DESCRIPTION

TRNFLD reads each data record on the input file DATUNT and writes a
corresponding image record on the output file IMGUNT. The class number
written on an image record is equal to the field number for that record.

The TRNFLD subroutine uses the RETDAT and SAVIMG subroutines.

TRNFLD-3



TRRFLD

ENTER Wt

NFIELD - NUMBER OF FIELDS DEFINED 10 DATDEF

WRPF - LIST OF NUMEERS OF DATA RECORDS
FOR EACH FIELD

DATUT = UMIT NWCER FOR INPUT DATA FILE

[HGUNT - UMIT NUMGER FOR QUTPUT IMAGE FILE

" MFIELD

WRITE HEADER QM IMSUNT

CALL SAVIMS

| AF = 0 |

HF = NF+Y

10« [R+]

1R » NRPFINF)?

0

READ DATA RECDRD

CALL RETDAT

ADD NIWEER OF PIXELS
READ TO HVGINF}

SET IMAGE CLASS
HUHEERS TO HF

YRITE 1MAGE RECORD

CALL SAYING

|
——

PRINT FIELD MUMNGER, CLASS
(IWIDER, CLASS SYHDOL, AID
HUIBER OF PIXELS 1M THIS

CLASS

RETURN AITH l

ilvs - LIST OF NUMZERS OF
PIXELS IN £ACH CLASS
YN - iIUNBER OF CLASSES
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Using the TRNSFM Option

The TRNSFM option is used to scale and offset the data vectors or to
perform a linear transformation on them, or both. The two suboptions avail-
able are SCALE and TRANS. The first input to TRNSFM is the desired sub-
option name.

If SCALE is chosen, then the namelist $INTRNS must be input. The

variables are:

DATUNT - unit number for input data

NEWDAT - unit number for output data (NEWDAT replaces DATUNT)
A - offset constant for each channel

B - scaling constant for each channel

As with all namelist inputs to ASTEP, the values are printed for inspection.
Either YES may be input to continue the execution of the program, or NO may
be input to correct the values.

If TRANS is chosen, then the same namelist must be input, and addi-
tional inputs are required to retrieve a transformation matrix from a sig-
nature file. These inputs are:

e File number to search for matrix
e YES to print matrix or NG not to print
e Name of matrix

e NOMORE to stop searching file

¢ 0 to Teave REDSIG

After the transformation is complete, the value of DATUNT is set to the
value of NEWDAT and the channel numbers and number of channels are changed to
enable other ASTEP options to use the transformed data as input. Control
is then returned to the ASTEP driver.
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TRNSFM OPTION
SAMPLE INPUT AND CORRESPONDING QUTPUT

ENTER ASTEP OPTION OR TYPE A BLANK
>TRNSFH

TRNSFM  OPTION

CHOOSE FROM SCALE DR TRANS,

>TRANS
SINTRNS OATUNTINEWDAT+A+B
SINTRNS
DATUNT = *y
NEWDAT = +20
A - +00C0Q000QE+0D
B . +1000000QE+01
SEND

TYPE YES |F INPUTS ARE CORRECT,
>YES

CHOOSE FILE NUMBER FROM ! OR 2 QR CHOOSE 0 TO QUIT.
>2

INPUT YES T0O PRINT SIGNATURES RETRIEVED FROM FILE 2
>YES

LIST NAMES FOR SIGNATURES, END | IST WITH NOMOREs
PBMATX2

BMATX2 ND = |2 K = I 2 3 4 5 & 7 8 9 10 1) 12
NUM(L) = %

MEAN ! BY 12
AL ZEROQESs
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«000
«000
« 000
«000
«000
+ 000
« 0090
1000
« 000
« 000
« 000
+000

MDD 0ENEFEPDELWN-—-

o

« 000
«Q0QQ0
«000
«000
«000
«000
«00D
+ 000
« 000
« 000
«000
« 000

N =0 0 B~N N WK -

[ g

>NOMORE

CHOOSE FILE NUMBER FROM 1 OR

>0

] SIGNATURES HAVE

COVMAT 12
2

+ 000
«000
«Q00
+ 000
+000
« 000
300
» 000
« 000
«Q0D
v 00D
1000
8

« 000
«30g
«000
+ Q00
+ 000
«000
+000
« 000
+000
+000
«000
«00D

WRITE 2788 WwWORDS ON UNIT 20
WRITE 2788 WORDS ON UNIT 20
WRITE ll48 WORDS ON UNJT 20

THE OPTION TRNSFM REQUIRED

BY 12
3

t«000
«0D0
+000
«000
«00D0
+000
+000
+000
<000
« Q000
«000
«000

9

«000
«000
«000
+000
s0Q0
+ 000
« 000
+000
+Q00
+000
« 000
+000

BEEN RETRIEVED

« 000
«000
« 200
«000
000
«000
« 000
+ 040
1000
+000
« D00
« 0040
10

«+ 000
+000
«000
«000
000
«000
+000
« 300
« 000
«000
«000
«000

5

2000
«Q0D
+ U000
+000
«000
« 000
+000
«000
«000
« 000
«000
«000
11

«000
+ 000
+ 000
«000
«000
+00Q0
« Q00
+000
« 000
«000
«000D
-UUQ

2 QR CHOOSE D TO QuIT,

+ 300
+000
»C00
«000D
« 000
«000
+000
+000
+000
«Q00
+0D0O
000
i2

«000
+ 040
000
«300
+DD0
«000
«000
<000
«Q00
«G00
+ 000
«000

5.6206 SECONDS OF CPU TIME.
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TRNSFM ENGINEERING DESCRIPTION

The TRNSFM option applies a linear transformation to each of the
data vectors and creates a new data file. The general transformation is ob-
tained in the TRANS suboption and can be considered in two steps:

1) Offset and scale the data
U = A+BY

V - an input data vector

A - an offsetting (or translating) vector with the same value
in all components

B - a diagonal scaling matrix with all diagonal entries equal
U - the resulting offset and scaled data vector

2} Transform the resulting vector with a matrix
W=TU or W= TA+TBY
where

T - & given transformation matrix which may reduce the dimension
of the data

W - final data vector to be output on the new data file

If the second step only is required, then the TRANS suboption is used
and A is set to zero and B is set to an identity. If the first step only is
required, then the SCALE option is used,
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TRNSFM

ENTER WITH |

DATUNT
ISIGF1

NFIELD
HRPF
FOR EACH FIELD

= UNIT NUMBER FOR INPUT DATA FILE
= FIRST UNIT FOR SIGWATURE FILES

ISIGFZ - SELOND UNIT FOR SIGMATURE FILES
- NUMBER OF FIELDS IN DATA FILE
- LIST OF NUMBERS OF DATA RECORDS

1

[ SELECT SUBOPTION [DP

{

| GET NAMEL[ST INPUTS

] INITIALIZE HEADER FROM DATUNT ]

10P = 'SCALE'?

RO

GET TRANSFORMATION MATRIX

CALL REDSIH

!

NUKBERS DISAGREE?

‘ND

00 DIMENSIONS OR CHANNEL >

| CREATE HEADER FOR WEWDAT

{

[ WRITE HEALER ON NEWDAT

i

I IFIELD = 0 |

I IFIELD = IFIELD+) ]

L IRFF = 0 I

[ IRPF = IRPF+} ’

IRPF > HRPF (IFIELD)?

READ DATA RECORD FROM DATUNT

CALL RETOAT

TRNSFM-5
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l CREATE HEADER FOR HEWDAT

{

l WRITE HEADER ON NEWDAT ]

!
L IFIELD = § I

I IFIELD = [FIELD + 1 I

ND
l IRPF = D ]
[RPF = IRPF+) ]

YES
IRPF » NRPF (IFIELD)?,

READ DATA RECORD FROM DATUNT

CALL RETDAT

{

DFFSET AND SCALE EACH WALLUE

]

WRITE DATA RECQRD ON NEWDAT

CALL WRTDAT

L]

[ ND = NDP ]

| DATINT = KEWDAT |

|

DATUNT « HEW UNIT NUMBER FOR DATA FILE
K ~ MEW CHANNEL MUMBERS
ND - NEW DIMENSION FOR DATA YECTORS

RETURN WITH

TRNSFM 2 of 3

TRNSFM-6



N

a5 ]

I [X = [x+1 ]
YES
IX = HX?
HO

TTRMSFORM DATA VECTOR ﬂ

I

[ STORE HEW VECTOR |

)

——

WRITE DATA RECORD ON HEWDAT

CALL WRTDAT

&

TRNSFM 3 of 3
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Using the UNITS Option

The purpose of the UNITS option is to allow the user to display, set,
and manipulate the unit numbers used by ASTEP. Upon entering UNITS, the
available image unit numbers {(AVIMUN} are displayed. Next, the current
unit assignments (INUNIT) are displayed. The unit names and definitions

are:

. IMGUNT image unit, used by all options which require an input
image or generate an output image as the unit number
(with the exception of the inputs to DIFIMG as noted
in the examp]eg

DATUNT - data unit used by all options which read the reformatted
data tape, created by DATDEF, as the unit number

OBSUNT - observation unit, DATDEF reads the raw packed observation
data tape from this unit

ISIGFT - signature file 1 unit, the unit number of the first
signature file

ISIGFZ - signature file 2 unit, the unit number of the second
signature file

IHISF1, - histogram files 1 and 2, temporary scratch units used

IHISF2 by the HSGRAM option

IMG1, image 1 and 2 units, used by DIFIMG as the unit numbers

IMG2 of the first and second input images. UNITS/CYCLE used
as in the example automatically sets up these values and
the values for IMGUNT correctly

0BS1 observation unit 1, used by the CPYDAT option of DATDEF
as the output unit for copying a subset of raw packed

observation data tape
The user must then select one of the suboptions:

CYCLE
CHANGE
QUIT

The CYCLE suboption is a convenience device to be used primarily in
conjunction with the DIFIMG option. Whenever an image is generated by any
of the image generating options in ASTEP, the image is stored on unit IMGUNT.
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There are three available image unit numbers which may be denoted as N1,
N2, and N3. These have values of 3, 12, and 9 respectively. These values
are set in fhe ASTEP driver and cannot be changed by user inputs. The
CYCLE suboption causes IMGUNT to be cycled from its current value to the
next available image unit number. For example if IMGUNT = N2, selection
of CYCLE will result in IMGUNT = N3.

The units IMG1 and IMGZ are the input image units for the DIFIMG op-
tion. The DIFIMG option computes an image of the differences between the
images on IMGl and IMGZ and stores the image on IMGUNT. The CYCLE sub-
option does not cycle IMGT and IMGZ, but sets them to N2 and N3 respec-
tively on the second call to CYCLE. They are then set to N2 and N3 on
every third call to CYCLE thereafter.

A1l of the options in ASTEP will assume that the image of interest is
currently on or will be next saved on the unit numbers

N1 - nominal value, used prior to any entry to UNITS with selection

of CYCLE

N2 - value resulting after first entry to UNITS with selection of
CYCLE '

N3 - value resulting after second entry to UNITS with selection of
CYCLE

NT - value resulting after third entry to UNITS with selection of
CYCLE

N2 - etc.

An example of the use of CYCLE in conjunction with DIFIMG is

ADPCLU generates first image on unit IMGUNT where

(inputs to ADPCLU) IMGUNT = N1

IMAGES display of first image - saved on unit IMGUNT (=N1)
(inputs to IMAGE)

UNITS cycles IMGUNT such that IMGUNT = N2

CYCLE

MAXLIK generates second image on unit IMGUNT

(inputs to MAXLIK)
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IMAGES display of second image - saved on unit
(inputs to IMAGE)  IMGUNT (=N2)

UNITS cycles IMGUNT such that IMGUNT = N3 and sets

CYCLE IMGT = N1, IMG2 = N2

DIFIMG differences the images stored on IMG1 and IMG2
(inputs to DIFIMG) and generates a third image saved on unit IMGUNT
IMAGES display of third image - saved on unit IMGUNT (=N3)
UNITS cycles IMGUNT such that IMGUNT = N1 for the next
CYCLE image to be generated

In this example any of the image generating options could be used in
place of ADPCLU or MAXLIK. After the last UNITS - CYCLE, the next image
generated will override the first image saved on unit NI.

The CHANGE suboption allows the user to specify the unit numbers for
any of the units used by the program and contained in the INUNIT array dis-
played by the UNITS option. However, it should be noted that the CYCLE
suboption, if used after the CHANGE suboption, will override any values
for IMGUNT, IMGI, and IMG2 specified previously in CHANGE. This occurs
because, as noted previously, the user cannot change the values of N1, N2,
and N3 and the CYCLE suboption cycles IMGUNT through N1, N2, and N3 and
sets IMG1 and IMGZ to values of N1 and N2 as previously described,

QUIT returns control to ASTEP. The selection of UNITS with QUIT is
only used to examine the unit assignments without cycling (CYCLE) or
changing (CHANGE) them. CYCLE and CHANGE upon completion return control
to ASTEP.
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UNITS OPTION

SAMPLE 1 INPUT AND CORRESPONDING OQUTPUT:

ENTER ASTEP OPTION OR TYPF A BLANK

PUNITS

- COUNITS - apTlan

EREZEIEazTEsSRsx

L) V]Mtf'\j T s T oo TTr T T
N = +3
$END
SINUNIT™
IMGUKNT = +9?
B AP AT i e e e g e e
OBSUNT = +7
1S1GFY— = — : SRS
ISIGF2 = +2
THISFL -= - - *T0-"
IH1SF2 = ‘11
IR L K- S e i § -
IMG2 = +]12
0RSI- ® - - yg
SEND e i e -
CHNOSE QOPTION FROM
CCCYCLE - —CRANGE -~ guTT - -
2CYCLE
SINUNIT - —
IMGUNT " +3
DATUNT = = .y
ORSUNT = +7
ISTEF1--m- - - o ey
1S1GF2 = +2
THISFT = - - - arB
IH1SF2 = +11
IMG1- - — = - - s gy -
IMGg2 = +12

TEGY ~ - W o e s g e e

SEND - T e e e e
THE 0pTION yNITs REQUIRED

+0544 SECONDS OF cpPU TIME.

et esEEeTas ' e roaGsa T e R  An g R e P AP RS RN SRS T o e m e w
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UNITS OPTION
SAMPLE 2 INPUT AND CORRESPONDING OUTPUT:

TER ASTEP DRTION OR Tryre & BLANK
s

‘*ﬁii
UNLTS oeTlION
eSS esgeRweRwY
SAVIMUN
- G S * 3y 25 L3
SEND——— - —— e
SINUNIT
AMGYUNT— 9
DATUNT = +4
HALYNTF—e———- ¥
ISIGF] = +1
eGPy e —— *2
INISFL @ +10
INRTSFE————— T -
1MG1 = 3
B 5.0 Sl A
08sg! " +8
SEND
CHNOSE P THON—FRDOMW—— — - - — - — ——————
CYCLE CHANGE RUIT
ICHANGE e =
SINYNIT TMGUNT s DATUNT, oasuur.lslsrl.lszerz.xnisrl.lulsrz Incl.tnez oaSl
’1 “U“t* . . ——— i — — —— —— — ——————— —————
TMGUNT = +12
BATUNT —— - — - e — e s —— e
DBSUNT = 7
AStErt . - +1 —— S e —
1S16F2 = +2
tHISPL— = - o - - — —— e e s
THISFZ = 1]
M5t - —*3—- T e e - e
1452 - 12
GBS} - e — B e ——— BP.
SEND— - e e e e —— S e e
TYPE YES IF yupurs on
’ﬂ? e e = re————— e —— e — am m—im o m—— e m—— ani m————— =t — . - ———————— —— — e e =
TWE GPTION uNITS REQUIRED «0952 SECONDS DF CPU TINME,

CE RS L L L L EL L LD AL LLLLFL Y FY P REYL LR LT L L L A T W L X e
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UNITS ENGINEERING DESCRIPTION

UNITS does not require an engineering description - see flow chart,
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UNTS

ENTER WITH

N - AVAILABLE [MAGE UNIT HUMBERS

1E - ENTRY COUNTER

UNTHUM - COMMON BLOCK DEFINING ALL
UNTT ASSIGHMENTS

WRITE QUT AVAILABLE IMAGE
UHIT HUMBERS (AVIMUN) AND
ALL UNIT ASSIGNMENTS (INUNIT)

USER OPTION SELECTION

1. CUE USER
2, READ RESPONSE

3. GO TO APPROPRIATE
ENTRY FOINT

OPTTONRCYCLE @ OPT [ON=CHANGE

INCREMENT ENTRY
COUNTER USER INPUT
IE = IE+1 1. CUE USER
2. READ AND WRITE
NAMELIST
3, %E USER FOR
TEST ENTRY COUNTER SSIBLE ACCEPTAIICE
FOR RESET OF INPUT
IF 1E=4 SET
1E=1
KO

CYCLE IMGUNT

YES
[MBUNT=R{ IE)

RETURN

YES

SET UP FOR SPECIAL IMAGE
UNTTS FOR DIFIMG

IMG1 = N(1)
IMG2 = N(2)

WRITE OUT NAMELIST
OF UNIT ASSTGNMENTS

‘ RETURN '
' ° OPTION KOV
RECOGNIZED
e ORTION=QUIT

RETURN

INFORM USER OF
TNVALID QPTION

UNITS 1 OF 1
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Using the UPNEWS Option

The UPNEWS option is used to create or modify the NEWS file (file
name NEWS, qualifier TRW-T33710 mounted on unit 15). This option should
be used only by ASTEP developers since the file is permanently changed.

After UPNEWS is requested, the user is asked for INITAL, MODIFY, PRINT,
or QUIT. If the user responds INITAL, the data to be stored is input next
using the first 60 columns. The data is terminated with a QUIT beginning
in column 1. The user then is asked to input INITAL, MODIFY, PRINT or QUIT.
INITAL and/or MODIFY may be executed only once for each call to UPNEWS.

If MODIFY is executed, the user inputs modifications in -N,M format
similar to standard symbolic card modifications. Initial cards may be in-
put immediately after the MODIFY card or after -0. The input example should
clarify the -N,M format. The alters must be made in sequential order. The
MODIFY option is terminated with a QUIT card and the user is again asked
for INITAL, MODIFY, PRINT or QUIT.

For the INITAL and MODIFY options the buffer size is checked to assure
that the user does not overflow the buffer.

If the user responds PRINT, the user must have executed MODIFY or
INITAL first. The PRINT option prints the entire file with the sequence
numbers and then asks for INITAL, MODIFY, PRINT or QUIT. If the user
responds QUIT, the UPNEWS option is complete. Two samples of the UPNEWS
option are presented to illustrate its use. In sample 1, the INITAL option
is used to create a news file. The generation of the file is completed with
the option QUIT. After the file has been generated, it is printed using the
print option. In sample 2, the MODIFY option is selected and a card is
added to the beginning of the file, the second card is replaced, a card is
added after the third card, and the fifth and sixth cards are deleted. The
PRINT option is then selected to print the results and the sample is ended
with the QUIT option.
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UPNEWS OPTION
SAMPLE 1 INPUT AND CORRESPONDING QUTPUT:

ENTER aASTEP OPTION QR TYPE A BLANK
>UPNEWS

UPNEWS 0PTlO0N

EAEE R -F LY K ™

UpNEWS QPTION REWUIRES FILE NAME NEW®S TO BE ASSIGNED
IF NOT ASSIGHED INDICATE GuyIT,

QUIT FROM ASTEP» ASSIGHN NEwW3s ANp RE=EXECUTE ASTEP.
CHOOSE FROM INITAL, MODIFY, PRINT, AND QuUIT

PINTTAL

INPUT DATA IN FIRST a0 COLUMMS, TERMINATE #JTH QUIT
> THIS [S AN EXAMPLE 0F A WEWS FILEs

> TH!S LInE wlllL dbt REPLACED,

> ADD A LINE AFTER THIS ONE»

> AND DELETE THE 2 LINES FOLLOWING THIS UNEs

> TO g DELETED.

> TO RE DELETEDe

> THE QUIT CARD TERMINATES THIS Npws FILE INpPUT.
>QUIT

CHOOSE FROM INITAL, MODIFY, PRINTs AND QuUIT
>PRINT

THIS 1S AN EXAMPLE OF A NEWS FILE.
THIS LINE wlLL BE REPLACLED
ADD A LINE AFTER THIS ONE»
AND DELETE THE 2 LINES FOLLOWING THIS ONE.
TO BE OELETED.
TO BE DELETED,
THE wulT CARD TEWRMINATES THIS NES FILE INPUT.

CHOOSE FROM INITAL, MODIFY, PRINTs AND QUIT

)QU]T

THE OpTION UPNEWS REQUIRED +24930 SECONDS UF CPU TIMEe

UPNEWS-2
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UPNEWS OPTION
SAMPLE 2 INPUT AND CORRESPONDING QUTPUT:

ENTER ASTEp OPTION OR TYPE A BLANK
>UPNEWS

UPNEWS OPTION

EEBcrEaEpREgINRE

UpNEWS OPTION REGUIRES FILE NAME NEWS TO BE ASSIGNED

Ig NOT ASSIGNED INDICATE QUIT,

QuUIT FROM ASTEPs ASSIGN NEWSs AND RE=EXECUTE ASTLPe

CHOOSE fFioM INITAL, MODIFY, PRINT, AND QUIT

>MODIFY

MODIFICATIONS TO NEWS MUST BE IM =Ns#M FORMAY«

INITIAL DATA FOLLOW =0 OR MODIFY CARD,

MODIFICATIONS TERMINATED B8Y GUIT CaRU

> THIS CARD wlLL APPEAR AT THE BEGINNING OF THE NEWS FILEs
da2s2
> LINE 2 HAS HEEN REPLACED.

’ul
> THI5 CARD 18 A SANMPLE ADDITION.

>.5|b
>qulT

CHOOSE FROM INITAL, MODIFY, PRINTs AND QuUIY

>PRINT

THIS CARD WILL APPEAR AT THE BEGINMNING OF THE NEWS FILE,.

THIS [S AN EXAMPLE OF A NEWS FILEs

LINE 2 HAS BEEN REPLACEL.

ADD a LINE AFTER THIS ONE

THIS CAKRD 15 A SAMPLE ADDITJION.

AND DELETE THE 2 LINES FOLLOWING THIS ONE.

THE QuUIT CARD TERMINATES THIS NEwS FILE INPUT.

CHOOQSE FROM INITAL, MODIFY, PRINTs AND QuIT

SuUIT

THE OpTIONM UPNEWS REQUIKED 22380 SECONDS OF CPU TIME.

Y L P PR L R R B R N L R R e e e R e L, TN

UPNEWS-3
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UPNEWS ENGINEERING DESCRIPTION

UPNEWS does not require an engineering description - see the NEWS
flow diagram.
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Using the UVWRIT Option

Upon entering the UVWRIT option the user must select one of the sub-
options MSSDAT or IMAGE. Following this selection user is asked if he
wants to have the universal output records printed before they are output
onto a magnetic tape. User enters YES or NO and this completes the user con-

trolled input. Input and output unit numbers are set internally, but they
may be changed by the UNITS option.
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UVWRIT OPTION
SAMPLE 1 INPUT AND CORRESPONDING OQUTPUT:

ENTER ASTEP OPTION OR TYPE A BLANK
PUVARIT

UVANRIT OpPTION

CHOOSE oPTION FROM
MSSDAT IMAGE
>MSSDAT

MSSDAT OPTION HAS BEEN SELECTED

PRINY UN]JVERSAL FORMAT OUTPUT = YES OR ND
>YES

PRINT UNIVERSAL OQUTPUT SELECTED
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LA I NUmwaEnr 1

NUmgER OF SuSFRANME STATUR sits gErwg yBED 18 Q

UNRVENSAL HEAODEN RECORD

ELLLET TP | PREpepny Whhyuy e

START w0 OF
ByTE aYteEs DESCRIFPTION

1 32 LOMPUTING SYSTEW 1D .

pL} i TAPE LIDRARY D .

[} [} SENSOR 1D 5192

&) 3 DATE OF TAPE GENERATION OD MM ¥Y # O D ]

L3 1 Takfr sSEQuUINCE (D - -]

113 H MISSIDN NUMBER . a

13 H SITE . ]

e 1 Ling . [

10 1 RUN . a

1 H [LLYA . o

rn s TINE OF FIRST SCAN OO mM ¥Y * D0 0 o
HH WM S5 ¢w5 = 0 O

L} [} CHANNELS ACTIVE L

1gBpa100i00]000000DO000D0OO0BEBONOROD00ED0DA00D00000a0066000n0R0

L3 1 FROCESSING FLAG . i
0 1 HOCCHANNILS ON THIS TaPg * %
) ] Nge OF BITS/PIaEL * [}
7 ? FERST vIOED PIXEL WITWHEIN SCAN . 1
T 2 FINST CALs ELEMENT WITHIN SCAN . ]
s 2 NOw PEAELS/SCAN/CHANNEL . LT
L] z MO CALIMe/BCAN/CHANNEL (aREX 1) # [
ioo H FHYSICAL NECORD SIZE IN BYTES . 2000
102 1 Nos CMANNELS/PHYSICAL RgCQAD L) []
o3 ] PHYSe RECORNDS/SCAN/CHANNEL L] [
Lp* 1 NOs RECORDS Yo & pATA set . 1
105 2 AMCILLARY DATA LENGTH IKw BYTESN . *%
to? i oaTA DRDER INGICATAR . ]
L1} 2 START PINEL NuMBER ) 10
130 ] STOp #1XEL NUNRER - o
h? s12 COEFFSsEXPSe AD=ED=AlE) .
] n ] [
a o 0 D
] ] [] ]
o a ] 0
24 Lh} COLDR CODE OwnApimh,Zwg,dnp .
]
o
0
[}
11} Xl SCALE FACTOR -
o
. 0
o
]
782 ] OFFSET CONSTANT » 1}
753 1 wORY SIZE OF GENERATING CONPUTER ¢ 38
1778 1 N0 OF DATA SETS/PuYSTCAL RECORD 3]
Lr7e H START OF SECOND caLlBe RREA . o
178 FH NOs cAL+ ELEe« I[N SECOND CALs AREA ® o
ir8) 1 FIRST CALe SOURCE INDICATOR . a
313 ] 1 SECOND ChL+ SOUNCE IWDICATOR ¢ -}
1288 1 FlLL ZEANGS *QqO00opo00
1785 H NOs CHANNELS IN FIRST RECORD . b
1787 2 BYTES/SCAN/CHANNEL ] Nl
1789 H PIKEL SKIP FACTOR . ?
1re 2 SCAN SKIF FACTOR . H
1780 1 N THOUSAKD SCAN LINES pgR FrRANE @ 0
irn 3 ALTITURDE IN METERS * o
7%y 2 GROUND SFEED IN WETERS #ER SECOND * o
2795 1 SCAN TYPE «LINEAR ON SHMOOTHED . [}
FRA TS i ANGLE OF ARC IN DEGREES . o
77 ] CAMERA 0 w 70 MMy | = & [NCH ¢ [}
%8 1 INPUT DEve O = 9TRR, | = WDT - 0
7ty 1 TRUNCATION OsLD, i1sH}, 2u=NO . [+}
2800 N CHANNELS REQUESTED .

Qpodn0ua00fD0A00A00A00A0A0D0DADE000000A00D000000N00000800D00N000
2808

1 FROLESSING mODE OeSER. 1mCONCS L4 g

2074 | COLOR D®NO COLOR,I=ARSIGN, 2wFAL5E 0
78 ] IwAGE FORNAT . 0
i874 1 REPEAT OF PIKELS PER SCAN * a
077 1 REFEAT OF SCAN . a
tnve L] PARTI&L SCAN « FROWM FIXKEL NG . a
- TO PFENEL NO . [}

? BCAN NATE [N ECANS SER SECOND . o

H AnbLE OF BRIFY . 1-11]

1 rPragL SI1RE * a
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outr,T uNi¥ErSayL REcORD

ME%D4T OrTlON

NEJIADS » 440
NO» OF pATR SLTS ISCANS) = [
YOTAL NOG. OF 8yFES LN THIS RECORD = 2851
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UVWRIT OPTION
SAMPLE 2 INPUT AND CORRESPONDING OUTPUT:

ENTER ASTEP OPTION OR TYPE A BLANK
PUVARIT

UVARIT OPTION

CHODSE OPTYION FROM
MSSDAT IMAGE
>»IMAGE

IMAGE OpTION HAS REEN SELECTED

PRINT yNIVERSAL FORMAT OQUTPUT = yEg OR NO
>NDO
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XTI YL L ETT P TY T PP P Ty

MUMpER OF SUBFRAME STATyS piTS pFINg %fp IS :]

UNIVERSAL MEADEN AELORD

ELET P L PY LT P P

STARY Na OF
BYIL  BYTES DESCRIPTION

] 3 CoMPUTING SYSTEM D ]

N Fae] TAPE LIBRARY 1D .

53 ] SENSDA |D LESLF]

L3 3 DATE OF TAPE GENERATION OD MM YY # a 0 0

L L 1 talt SEQUENCE D . o

[ 11 1 M1SSLON NUMBENR . o

a7 H S1TE . B

(1] 1 LINE [ 1]

70 I RUN » ]
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vz H FIRET vIDED PIXEL WITHIN SCAN . i
ha) 4 FIRST CALe ELEMENT AITHIN SCAN . +]
L) 2 Nps PEXELS/SCAN/CHANNEL . 4
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loo 2 PYYSECAL MECDRD SI1XE IN BYTES * 06D
In2 1 Nos CHANNELS/MHYSICAL RgCARD . [
103 1 PHYS: RECORDS,/SCAN/CHANNEL L3 o
1p4 1 ND+ RECORDS TO & BATA SET . 1
Los F ANCILLARY DATA LENGTH N BYTES * 15
in? 1 DATA ORDER INDICATOR . D
108 H START PIXEL NyUmBER . 10
110 2 STOP PIREL NUWBER . L1]
112 512 COEFFSIENRS+ AD=EQ-hlsE) .
Q 1] o Q

&24 b4 COLDR CDDE DaNA)|aR,2aG,dsp .

]
(Y 1] a4 SCALE FACTOR .

o
752 1 DFFSET CONSTANT » 1}
782 1 WORD S1ZE OF GEMERATING CONPUTER -1
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1779 2 STAAT OF SECOND CALIBe AREA - 1}
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1784 1 FiLiL IERDS *oao0p0obo
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178% 2 PIXEL SKIP FALTOR . 2z
17%] 2 SeAN SKI1P FACTDR . 2
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2791 3 ALTITURE IN METERS . a
2713 H GROUND SPEED IN METERS pER SECOND * o
27%5 ! SCAN TYPE wLIMEAR QR SWQDTVHED ] o]
2794 1 ANGLE OF ARC [N QFGREES . 1}
2197 1 CAMERA 0= 70 MM, | ® 5 INCH . D
zr98 1 INPUT DEys D = 9TRK, | ¥ WDT ’ o
279¢ 1 TRUNCATION (=D, Llek|[, 2wND L] D
2800 ] CHANNELS REQUESTED .
luaDOuuuunuunnonnnunuuounaDonouuDuI:cmunoocnonounnﬂnnannuuununuuun
2808 L PROCESSING MOGDE O%SERs E*CONC, .
2874 ] COLOR D®ND COLOR,|wASSIGN;2wFALSE * u
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207% 3 REPEAT OF PIXELS PER SCAN - a
2077 1 REPEAT OF SCAN . a
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2882 2 ScAN RATE 1IN SCANS PER sSEcanDd » o
F4.1.1) FH ANGLE OF pRIrFY . .QD0
2884 1 PIREL  SI1ZE . a
NUNBER OF uNIvERSAL RECORDS WRITTEN s 2
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UVWRIT ENGINEERING DESCRIPTION

The purpose of the UVWRIT option is to convert data {multispectral
data or image data) from internal ASTEP format to Universal format (Refer-
ence 1).

The MSS data coming into ASTEP may be in either LARS, ERTS or Universal
format. It is converted in the DATDEF option into ASTEP internal format.
The image data resulting from any of the classification options in ASTEP is
also stored in internal ASTEP format. UVWRIT takes MSS data or image data
(depending on the suboption selected by user), converts it to the universal
format, and outputs it onto a magnetic tape.

A new universal header is created using information obtained from the
ASTEP header. In the case when original data coming into ASTEP is in univer-
sal format, the existing universal header is modified when necessary o re-
flect the changes to the original data structure (i.e., scan line length,
skip factors, etc.).

Next, all the records from ASTEP file are converted into universal
format and stored on a magnetic tape.

A1l information in the universal format is in a packed form based on
an 8-bit bytes structure. The length of the header record is 3060 bytes
(680 36-bit words)}. The length of each physical record following the
header is variable, not exceeding 3000 bytes of information per record.
Each record in universal format may contain one or more scan lines, or
part of a scan line, depending on the number of pixels and number of chan-
nels per scan line. For more information on universal format user should
refer to the Format Control Book (Reference 1).
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UVNRIT

ENTER WITH

IMGUNT - NUMBER OF THE UNIT CONTAINING IMAGE DATA

DATUNT - NUMBER OF THE LINLT CONTAINIMG M55 DATA

UVUNIT - NUMBER OF YHE UNIT USED FOR UNIVERSAL
MAT QUTPUE

®—

INITIALIZE NECESSARY
VARLABLES

INSTRUCT USER TO SELECT
MSSDAT QR THAGE OPTION

l

INSTRUCT USER TO SELECT PRINT
QR NO PRINT OPEION FOR
UNIYERSAL FORMAT OUTPUT

MSSOAT OR IMAGE
OPTION CHOSEN

SET APPROPRIATE OPTION SWITCH
AND INPUT UNIT SWITCH

l

INPUT HEADER RECORD FROM
APPROPRIATE INPUT UNIT

l

COPY FIRST 166 WORDS FROM
HEADER TNTO COMMON BLOCK
“HEADER"

|

START PROCESSING A FIELD OF
DATA

1

SET ASTEP RECORD COUNTER AND
OVERALL SCAN LINE COUNTER
TO ZERQ

l

COMPUTE PARAMETERS FOR TRANS-
FERRING DATA FROM ASTEP TQ
UNIVERSAL FORMAT

YES

KO

TOTAL KLUMBER QF BYTES

1

COMPUTE NUMBER OF PHYSICAL AECORDS
PER DATA SET AND PMYSICAL RECORD
SIZE

“\ PER SCAN LIANE < 3000 7

l

CUMPUTE NUMEER OF DATA SETS PER
PHYSICAL RECORD AND PHYSICAL

RECORD §IZE
J

{

CALL HEADMD TG MODIFY
HEADER RECORD

l

QUTPUT UNIVERSAL HEADER
ONTO A MEW TAPE - UVUNIT

1

CALL HEADRD TO READ AND
PRINT MODIFIED UNIYERSAL
HEADER

UVWRIT-1
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CALL RETDAT TQ |NPIT
MSS DATA AECORU

START PROCESSING A RECORU

FROM ASTER FILE (ASTEP RECORD}

MSSDAT

MSSDAT OR
THRGE DPTION

1HAGE

CALL RETING TO INPUT
IMAGE RECORD

|

COMPUTE NUMBER OF SCAN
LINES IN THIS RECORD

[

]

TOTAL NUHBER OF BYTES
PER SCAN LINE s 3000

START PROCESSING HEW
SCAN LIKE

l

UPDATE OVERALL SCAN LINE
{DATA SET} COUTIER

l

UPDATE COUITER FOR NUMULR
QF SCAN LIKES {DATA SETS)
FOR THIS UNIVERSAL RECORD

|

TRANSFER ANCILLARY DATA
FROM ASTEPR TO UNIVERSAL FORMAT

TRANSFER VIOEQ DATA FROM
ASTEP TO LWIVEHSAL FORMAT

HUMBER OF DATA SETS (SCAN
LIKES] ALREADY PROCESSED
LESS THAN ((UMEER OF DATA
SETS FER PHYSICAL RECORY

CALL DUTREG Ta DUTFUT TQ
FULL UHIVERSAL PECORU AND
T0 INITIALIZE FOR REXT
WAIYEASAL RECORD

MIRE SCAN LIHES IN THIS
ASTEP RECORD TO PROCESS

START PROCESSING ifEW
SCAN LInE

|

UPDATE QVERALL SCAH LINE
(DATA SET) COURTER

FIAST PHYSICAL RECORD
FOA TH1S SCAd LIHE

TRANSFER AiCILLARY DATA
FROM ASTEP TO WIIVERSAL FORMAY

|

TRANSFER VIDEQ OATA FROM
ASTEP TO UNIVERSAL FORMAT
T3 FILL A UNIVERSAL RECORD

}

CALL QUTREC TO DUTPUT FULL
LHIVEASAL RECORD

lNITIRLIZE FOR IIEIT UN]\'ERSAL
RECOR|

WORE VIDEQ DATA Ih THIS
SCAN LINE TO PROCESS

ND

ANY DATA LEFT IN UNIV.
BUFFER TO BE QUTPUT?

C

bt QUTREC TO DUTPUT

CALL
UNIVERSAL RECORD

KD

SEPARATE FIELRS (RURS)
8¥ ONE EOF

MARK LAST FIELD BY 2 EQF'S
PRLNT COLMTER FOR NUMBER OF
UNIWERSAL RECORDS

UVWRIT-12
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QUTREC

ENTER W1TH

AR

ARRAY CONTAINING MS5 OR
IMAGE DATA TO BE PACKED

LoC

NUMBER OF WORDS IN ARRAY AR

NDSET - NUMBER OF DATA SETS {SCAN
LINES) IN ARRAY AR

NWORDS - NUMBER OF WORDS TO BE QUTPUT
(AFTER PACKING)

UNIVERSAL FORMAT OUTPUT
UNTT NUMBER

UYUNET

[PRINT - UNIVERSAL DUTPUT PRINT SWITCH

INOPT - SWITCH INDICATING USER
SELECTED OPTION

KREC UNIYERSAL RECORD COUNTER

(IN A FIELD)

INITIALIZE NECESSARY
VARIABLES

ka PRINT GPTION
aN

YES

PRINT QPTION NAME AND
[NFORMATION ABOUT
UNTVERSAL RECORD TO
BE QUTRUT

PRINT OATA TO BE PACKED-]

PACK CONTENTS FROM AR ARRAY INTO
DUT ARRAY USING KJUIN FUNCTION
(4.5 B-BIT BYTES ARE PACKED INTO
1 36-BIT WORD}

QUTPUT PACKED UNJYERSAL
RECORD (ARRAY OUT) ONTO
UNTVERSAL UNIT (UVUNIT}

SET LOC - LDCATION COUNTER
FOR UNIVERSAL BUFFER (ARRAY
AR} 7O ZERD

SET WOSET - NUMBER QF DATA
SETS {SCAN LINES} COUNTER
TO ZERO

UPDATE UNIVERSAL RECORD
COUNTER (KREC)

l RETURN '

UVYWRIT-13
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HEADMD

ENTER WITH

IWORD - ARRAY TO BE USED FOR UNIVERSAL
HEADER, OR CONTAINING THE ORIGINAL
UNIVERSAL HEADER IF ORIGINAL DATA
APPEARS IN UNIVERSAL FORMAT

L - NUMBER OF FIELDS BEING PROCESSED
IN THIS CALL TO HEADMD

IOPT2 - PROCESSING OPTION IN EFFECT

j

OBTAIN PARAMETERS NECESSARY TO CREATE
OR MODIFY THE UNIVERSAL HEADER FROM
ASTEP HEADER AND FROM USER INPUTS

|

PACK ALL THE INFORMATION INTO APPRO-
PRIATE LOCATIONS OF THE UNIVERSAL
HEADER (ARRAY IWORD) USING KJOIN

FUNCTION
RETURN

HEADMD 1 of 1
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Using the QUIT Option

The QUIT option returns control to the operating system. This option
is normally executed when the run is to be terminated. Following execution
of the QUIT option, the total CPU time required by the various options
executed in the run is printed out.

QUIT-1



QUIT OPTION
SAMPLE INPUT AND CORRESPONDING OUTPUT:

FHTER ASTEP OFTION O TYPeE K SLANY — T
»QUulT

R T——pPTTON" - — e

o Rk e NS ke R TR AR T S 5 AR D R TS L e e PR N BN S S T e e T WS e o o e o O O e D Y i T e W

THE OpTIONS IN THIS RUN rREQUIRED 100e¢74%16 SECONDS OF CPy TIME.

*;¢-§-¢-+-+-+-§-’-¢-¢-‘-Qp#-"g#-"-’-*-‘-#-ﬁ-#t*-"-t-#q#-é-#;
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4. SUBROUTINE FUNCTIONS AND DEPENDENCIES

Table 4.1 gives a listing of all the subroutines and their basic func-
tions. Table 4.2 displays the subroutine dependencies.

Also included is a list of subroutines common to more than one ASTEP
option with their flow diagrams, when appropriate.
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Subroutine

ASTEPX

ADDSIG

ADPCLU
ANGDIS

ANGLE
BEGFIL
CESCA

CHLSKY

CLOS

CLUSTA

COMPAR

CONVRT

CPUTIM

CUBIC

Table 4.1 Subroutine Functions

Basic Function

Main program or driver for the Algorithm Simulation
Test and Evaluation Program

Given two signatures, creates the signature of the
union of the two signatures

Driver for the adaptive clustering option

Given a set of vectors, computes the distances and
angles between each pair of vectors

Computes the angle between two vectors
Begins a spectral signature file

Cluster elimination, splitting, and combining
algorithm

Inverts a posttive definite matrix in double precision
using a Chlesky factorization

Given a set of vectors, determines the pair which are
nearest to each other

Adaptive clustering algorithm, 1st pass through
develops cluster means using periodic elimination
and merger tests, also has features of strip formu-
lation and sequential search for strip assignment,
2nd pass through develops classification map.

Computes projections and angles used to compare
two signature means and covariance matrices

Performs alphanumeric and integer conversions for
use with the PLOT routine

Reads the system clock so that time to execute an
ASTEPX option can be computed

Passes a cubic equation through four distinct points
and solves for the coordinates of the minimum value
of the ordinate
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Subroutine

DATDEF

DAVIDN

DIF

DIFIMG
DISPLA
DUMP

EDIST
EOTSIG

EIGEN

EIGSIG

ERRPRT

FACANL
FAKTOR

FEATSL
FINT

Table 4.1 Subroutine Functions (Continued)

Basic Function

Allows the user to define the data subset of the
raw packed MSS observation data to be processed

The Davidon Iterator, used to obtain the minimum
of a function of several variables

Differs two alphabetic images based upon an equiva-
Tence table defining equal alphabetic characters

Driver for image saving and image comparisons
Displays a line of alphabetic characters

Transiates into readable form and prints contents of
a tape file

Computes the distance between two vectors

Driver for spectral signature file data manipula-
tion routines

Determines eigenvalues and eigenvectors of a symmetric
matrix

Computes the eigenvalues and eigenvectors for the
signature in core storage

Prints messages when error conditions or unexpected
end of file are encountered while reading namelist

Orders the eigenvalues and corresponding eigenvectors

Computes mean and covariance matrix of a set of vec-
tors, performs a factor analysis of the results, op-
tion to save the mean and covariance matrix in signa-
ture file

Driver for the feature selection option

Computes partial derivatives for use with the feature
selection option



Subroutine

FNDVID

GOBORD

GRYAPH

HEADMD

HEADRD

HSGRAM

ICD

IMAGES
IMTPRT
INITCL

INPSIG

INTHDR

ITRCLU

Table 4.1 Subroutine Functions (Continued)

Basic Function

Locates the first pixel of video data within a scan
line

Prints an image consisting of only border pixels or
of only inside pixels

Generates a gray level image via quantization of one
channel and assignment of alphabetic characters to
each level

Modifies or creates header record in universal format

Translates and prints certain information from header
record in universal format

Computes and displays a one, two, or three dimen-
sional histogram

Given a set of mean vectors and covariance matrices
defining a set of spectral signatures, computes the
inner class distance - in the likelihood sense -
between each pair in the set

Alphabetic image and subset display
Prints a matrix of integers

Initializes the mean vectors and weights for the
clustering algorithms

Reads in spectral signatures for use in maximum 1ike-
lihood classification - MAXLIK

Allows user to process a data tape created by DATDEF
which has been saved, reads the header record on the
tape and initializes the appropriate variables in the
program

Driver for the iterative clustering option
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Subroutine

KJOIN

LISFIL

MATPRT
MAXLI

MAXLIK

MINDIS

MODIFY
MPROD
MSHIFT

NCPRLO

NEWS

NOPROC

NRPCLO

Table 4.1 Subroutine Function (Continued)

Basic Function

Function that extracts a specified field of bits

from one computer word and replaces this field in an
image of the second word at specified bit position.
Calls the following functions: KPOS, MLU, KSL, and KSR

Lists the heading data for each signature saved on
the file

General matrix print routine

Classifies data vectors according to a maximum 1ike-
lihood algorithm

Driver for maximum Tikelihood processing

Given a vector and a set of vectors, determines the
vector in the set nearest to first vector and the
minimum distance

Computes weighted average of two vectors
Performs double precision matrix muitiplication

Changes the method of storage for a matrix to be
consistent with its dimensions

Controls processing of data from universal format
tape when each scan line requires more than one
record, but one or more channels are in each record

Provides a convenient method for communicating minor
changes to ASTEP

Skips over channels of a scan line which are not to
be used while reading data tape in universal format

Controls processing of data from universal format
tape when each channel requires more than one
record

4-5



Subroutine

NSPRLO

QUTREC

PACK

PLOT

PRANDB

PROCES

PROJEC

QF

QUANTZ

REDREC

REDSIG

REDSIH

RETDAT

Table 4.1 Subroutine Function (Continued}

Basic Function

Controls processing of data from universal format
tape when there is one or more complete scan lines
in one record

Packs data into 8-bit bytes and outputs full records
in universal format

Packs a storage array to eliminate a vacated slot,
moves all vectors with index greater than index of
vacated slot down one position in the array

Given a set of x and y coordinates, creates a plot
of the data

Skips over ancillary data for each scan line of a
universal format data tape

Unpacks data from 8-bit bytes and converts it to
floating point numbers

Computes the vector projections required in COMPAR
option

Given a matrix and a vector, evaluate the quadratic
form vector transpose X matrix X vector

Generates alphabetic image array from data base via
quantizing a single channel and assigning characters
to each quantization level

Reads a record from the input data tape in universal
format

Retrieves one spectral signature from the signature
files

Retrieves one or more spectral signatures from the
signature files

Retrieves record of data from tape
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Table 4.1 Subroutine Function {Continued)

Subroutine Basic Function

RETIMG Retrieves image and threshold arrays corresponding
to a data record

SAVIMG Saves, on tape, image and threshold arrays correspond-
ing to a data record

SAVSIG Saves a spectral signature in the signature files
SCALE Creates the scale for the PLOT routine
SEQCOV Sequentially calculates the mean and covariance of a

set of vectors

SEQST Sequentially calculates the mean vector and variances
of a set of data vectors

SHUTLE Computes the average and interclass divergences,
selects the best k of n channels using a "Without
Replacement" procedure

STATIS Performs and prints factor analysis for given statis-
tics
SUBSET Constructs and prints an image of a specified subset

of classes or all of the classes on an image data file

SYMINV Inverts a symmetric matrix

THRDST Updates the mean and variance of the threshold
statistics

TRNFLD Classifies data according to the field number so that
training fields can be found conveniently

TRNSFM Performs scaling or transforming on data vectors

UNIPRO Unpacks data by converting each eight-bits to a separate

integer value and prints the results

UNIRED Controls the conversion of data from the universal
tape format to the internal ASTEP format
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Subroutine

UNITS
UPPLT

UVWRIT

VATCI

WRHMTX

WRSTAT

WRTDAT

WRTSIG

Table 4.1 Subroutine Function (Concluded)

Basic Function

Driver for the units option

Updates priority or population list based upon num-
ber of points assigned to each cluster

Controls the conversion of data in internal ASTEP
format to the universal format

Assigns vectors to existing clusters, does not adjust
means of existing clusters, updates weights, means,
and variances associated with the actual assignments

Reads or writes matrix onto temporary storage device

Reads or writes given statistics onto temporary
storage device

Writes the pair of records which are used to make one
entry in a data file in an unpacked ASTEP format

Writes an input spectral signature in the signature
core area
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ASTEPX

ADDSTE

ADPCLY

ANGDIS

ANGLE

BEGFIL

CESCA

CHLSKY

CLoS

CLUSTA

CONPAR

CONVRT

CRUTIM

CUBIC

DATOEF

DAVIDN

DIF

l [TTTTTTITTTTTTTTIT]

]

E
E
-

i

AbRCLY
COMPAR
DATOEF
DIFING
oue
EDTSIG
FAKTOR
FEATSL
HEGRAH
[MAGES.
[HTHOR
1TRGLY
HARLLK
HEWS
QUANTZ
TRAFLD
TRESN
WITS
UVWRI T

REDSIE

ANGDLS
CLUSTA
EARPRT
INITCL
MATPRT
RETDAT
SAVING

ANGLE
3183}

<L0s
MOOIFY
PACK

MIROIS

MODIFY
PACK
SEQST
THRDST
LPPLT

ERRPAT
FRACANL
FROJEC
REDSIK

ERRPHT
HEADRO
UNIRED

CUBIC
FINT
WRHMTY
WRSTAT

Table 4.2 Subroutine Dependencies

OLFIMG DIF
) E RETING
SAVING
DISPLA
DUMP —E EARFRT
UNIFRD
EDJST
£DTS1G ADDS1G
BEGFIL
EIGSIG
LISFIL
MATPRT
REOSIG
SAVE1G
WRTS1G
EIGEN
ELGSIG _-: FALANL
MATFRT
ERRPRT
FACANL ELGEN
FAKTOR FACANL
MATPRT
REDS1G
RETDAT
RETIMG
SAVSIG
SEQCov
FEATSL DAVIDH
ERRFAT
REDS[H
SKUTLE
WASTAT
FINY SHUTLE
FHDNID
GAROAD —E DISPLA
RETIMG
GRYAPH
HEAQMD viory
KEADRD

HSGRAM ERRPRT

E RETDAT

RETIME

ICo MATPRAT
E qF

SYMINV

IMAGES EARPRT

E GOBCRY

SUBSET

IMTPRT

INITCL —-—: ERRPAT
MATPRT

INPSIG ——-: EARPRT
MATPAT
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INTHOR

1TRCLY

KJGIN
LISFIL
MATPRY
MAxXL]

MAXLIK

MINDIS
MORIFY
NPROD

MSHIFT

KCAALD

NEMS
NOPROC

NRPCLO

NSFRLD

QUTREC
PACK
PLOT
PRANDE
PAOGES
PROJEC

aF

A Lo ol e

ANGDIS
CESCA
ERRPRT
IMTPRT
INITCL
MATFRT
RETDAT
SAVIMG
VATCI

oF

o
INPSIG
WAXLL
REDSIH
RETDAT
SAVIME

EDIST

FNDVID
MATPRT
NOFRCC
PRANDE
PROCES
REDREC
WATRAT

FHOVID
MATPRT
FRANDB
PROCES
REGREC
WRTDAT

FNDVID
MATART
HOPROC
PRAKDE
PROCES.
REDAEC
WRTOATY

KJId

COMVRT
SCALE

MATPRT

QUANTZ ERRPRT

GRYAPH

RETDAT

SAYIHG
REOREC
REDSIG

REDSIH MATPRT
RETDAT
RETIMG
SAVING
SAVS1G
SCALE
SEQEOV
SEQST

SHUTLE CHLSKY

’ ERAPRT

MPROD

MSHIFT

FLOT

SAYSIG

WRSTAT

STATIS _E FACANL

MATRRT

SUBSET —"—I: DISPLA

RETIMG
STMINY
THROST

TRAFLD —-—-I:: RETOAT

SAVTMG

TRNSFM ERRPAT

HATPAT

REDS[H

RETDAT

WRTDAT
UNLPRO

UNIRED NCPRLO

NOPROC

NRPCLO

MSPRLO

URITS ERRFRT
uwprLT

UVWRIT HEADND

MEADRD

QUTREC

RETDAT

RETIMG

YATE] HINDIS

E SEQST

THADST
WAHNTK
WRETAT
WRYDAT

WRTEIG —: ERRPRT

MATPRT



COMMON SUBROUTINES

The following subroutines are common to more than one ASTEP option:

ANGDIS* REDSIG*
ANGLE * REDSIH*
EDIST* RETDAT*
EIGEN ' RETIMG*
ERRPRT* SAVIMG*
FACANL SAYSIG
HEADRD SEQCOV
INITCL* SEQST
MATPRT SYMINY
MODIFY* THRDST*
PACK * WRTDAT

Flow diagrams are included here for those subroutines denoted by *,
The flow diagrams for these subroutines are included in order to aid the
user in understanding the ASTEP Program.



ANGDIS

ENTER WITH

VM - ARRAY OF VECTORS
NVM - NUMBER OF VECTORS IN VM
ND - DIMENSION OF EACH VECTOR
IDIFF- = 1 COMPUTE EUCLIDEAN
DISTANCE
# 1 COMPUTE L1 DISTANCE
R - WORKING ARRAY

'

N=NVM-1
R(NVM,itVM)=0.

J

COMPUTE ANGLE DISTANCE ARRAY
-ANGLES ARE ABOVE DIAGONAL AND
DISTANCES ARE BELOW

FOR J=1,N
1) R{J,d)=0.
[1=J+1
2) FOR I=I1,NVM
a) IF IDISF=1 COMPUTE EUCLIDEAN
DISTANCE BETWEEN VECTORS I AND
J=STORE IN D
b) IF IDISF#1 COMPUTE L1
DISTANCE AND STORE IN D
c) COMPUTE ANGLE BETWEEN
I AND J VECTORS - STORE

R

IND

d) R{I,J)=D
J,1)=A
EXIT WITH

R - ANGLE DISTANCE
ARRAY




ANGLE

ENTER WITH

Vi
V2}h TWO VECTCRS

ND - DIMENSION OF V1 AND
y2

A - ON OUTPUT EQUALS ANGLE
BETHEEN V1 AND V2

|

COMPUTE LENGTHS SQUARED
AND INNER PRUDUCT

D

Y vi(I)*%2
I=1

ND

Y, V2(I)**2
I=1

ND

A = V1(I)*V2(I)

D1

D2

360 ~nc-1 1
A =522 00T (A/(D1*D2) /2,

RETURN




EDIST

ENTER WITH

vl
y2 - TWO VECTORS

ND - DIMENSION OF VECTORS

D - ON OUTPUT CONTAINS DISTANCE
BETWEEN V1 AND V2

|

ND

D= Z] (V1(I) - V2{I))**2
1=

D=+D

RETURN
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ERRPRT

ENTER WITH

IFLAG - NAMELIST
I/0 ERROR
INDICATOR

PRINT MESSAGE
I/0 ERROR
OCCURRED WHILE
READING NAMELIST

PRINT MESSAGE
UNEXPECTED
END OF INPUT
ENCOUNTERED

_—T
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INITCL

ENTER HITHI

VM - VECTOR MEANS
NVG - WEIGHT ASSOCEATED WITH EACH
MEAN

HYM - HUMBER OF YECTORS IN WM
KNO - DIMENSION OF EACH YELTOR
IN VM

INFOAM USER TO SELRCT
AN IHITCL OPTION

vAL1D
NETHIN

GO 10 APPRORPRIATE
ENTRY POINT

@ OPTIOR = ZERO
SET

RETURN
< i;f OPTION = NEM

CUE USER FOR
SINTNIT

READ $ININIT AND
D1SPLAY IHPUTS

l

INFORM USER TO TYPE
YES IF IKPUTS OK

RESFONSE
»

YES

RETURN
@ QPTION = OLD

RETURK



MODIFY

ENTER WITH

vl -
y2 - TWO VECTORS

N1 _ WEIGHT ASSOCIATED
N2~ WITH V1 AND V2
ND -~ DIMENSION OF Y1 AND

]

COMPUTE WEIGHTED AVERAGE
AND STORE IN V1, UPDATE N1

1. FOR I=1, ND SET
VI(I)=(N1*VI(T)}+N2*v2{1})/(N1+N2)

2. SET
N1=N1+N2

EXIT WITH

x} = UPDATED VALUES




PACK

ENTER WITH

V - DATA ARRAY

ND - DIMENSION OF EACH YECTOR IN V
NVY - NUMBER OF VECTORS IN V

IiD - INDEX IN V OF VACATED SLOT

RETURN

PACK ¥V ARRAY TO ELIMINATE
SLOT IND

I1=INDH

DO 20 I=IT,NV

12=1-1

DO 10 J=1,ND
10 V{J,12)=v{J,I)
20 CONTINUE

]

EXIT WITH

V-PACKED ARRAY




REDS1G

ENTER WITH

I1 - UKIT NUMBER FOR SIGNATURE FILE 1
12 - LALT NUMBER FOR SIGWATURE FILE 2

[ ASK USER FOR WAME OF SIGNATURE |

&

[ READ NAME FRGM INPUT ]

|___ASK USER FOR FILE NuMER, lan |

[ READ 1Ad FROM [NPUT ]

| PRINT ERROR MESSAGE I

|

| REWIRD TAN ]

|

| IREAD = 1 {

READ FROM UAIT JAN:
WAMER, HOP, KP, NUMP

NAMEP = 'HOMORE'?

HO

YES

HAMEP = NAME?

| READ HEXT RECORD OW UNIT 180 |

| treso - gReap « 1 ]

YES

A0
[ PRINT ERROR MESSAGE |
[ RETURNL ]
[ D = HDP ]

[ PRINT: MR, NP, kP, Huwp |

i

[ reAn From T ran: wm, cov ]

RETURN HITHI

Y - MEAN VECTOR
- COVARLANCE MATRIX
dD - NUMBER OF CHANNELS
KP - LIST OF CHANNEL NUMBERS
HUKMP - MUMBER OF PIXELS IN STATISTICS

|

[ PRINT ERROR MESSAGE |

i

[ RETURN |
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_REDSIN

ENTER WITH

I1 - UNIT HUMBER FOR SIGHATURE FILE
12 = UMNIT NUMBER FOR SIGHATURE FILE 2
IS1G - MAXTHUM HUMBER OF SIGMATURES

[ ASK USER FOR FILE NUMDER, 1An ]

[ READ IAN FROM INPUT 1

| PRINT ERRGR ME SSAGE ]

[ ASK USER FOR LIST OF SIGNATURE NAMES |

I READ NAME FROM [NPUT I

NAME = ‘NQMORE ‘7
{L+1) » N3IG?

[ REWIND 1AN |

L TREAD = §

1

READ FROM UHIT IAN:
HAMER, HOP, KP, NUMP

HAMEF = 'HOMORE'?

HAMER = NAME?

YES

| READ THE WEXT RECORD |

|

| 1reap = TREADS ]

| PRINT ERROR MESSAGE ]

_READ FROM UNIT IAR: WM, COV |

[[_PRINT: NAMCP, NOF, kP, NUNP )
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PRINT ERROR HESSAGE

L

..@

| PRINT ERROR MESSAGE

-

| ND = WDP

RETURN WITH

¥M - MEAN VECTORS
COV - COVARIANCE MATRICES
HD - NUMBER OF CHANNELS




RETDAT

ENTER WITH

FIRST ENTRY OR REWIND
AND HEADING RECORD FLAG

IFLAG

MUNIT = UNIT NUMBER
X = STORAGE ARRAY FOR OBSER-
VATION VECTORS
NX = NUMBER OF VECTORS IN
X AT OUTPUT
ND = DIMENSION OF DATA VECTORS
YES
IFLAG=1
REWIND TAPE MUNIT
* NO
SKIP HEADING RECORD
ON MUNIT
i 1
Y

RETRIEVE OBSERVATION VECTORS

READ NX,{{X{J,I), J=1,ND),
I=1,NX)

RETURN
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RETIMG

ENTER WITH

ITFLAG - INITIALIZATION FLAG
NUNIT - UNIT NUMBER FOR IMAGE FILE

] YES
IFLAG > 07 p—

NO

Y

READ HEADER DATA
FROM NUNIT
CALL NTRAN

!

READ N
FROM NUNIT

CALL NTRAN

{

NP = N(1)

NW = N{T)*N{2)

READ NW WORDS
INTO IMG FROM NUNIT

CALL NTRAN

|
SEPARATE THR FROM IMG
FOR I=1, THROUGH NP
LT = NP+1 - 1
THR(LT) = IMG(LI)

{
RETURN WITH |

IMG - IMAGE ARRAY
THR - CORRESPONDING THRESHOLD ARRAY

NP - NUMBER OF PIXELS IN IMG
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SAVIMG

ENTER WITH

IFLAG - INITIALIZATION FLAG

NUNIT - UNIT NUMBER FOR IMAGE FILE

IMG - IMAGE ARRAY TO BE SAVED

THR - THRESHOLD ARRAY CORRESPONDING TO IMB
NP ~ NUMBER OF PIXELS IN IMG

THUNIT - UNIT NUMBER OF FILE CONTAINING

HEADER DATA

L___\\‘ YES
IFLAG > 02 -
| NO

READ HEADER DATA
FROM IHUNIT

CALL NTRAN

!

WRITE HEADER DATA
ON NUNIT

CALL NTRAN

!

RETURN

!
N(1) = NP
i
N(2) = 2
!

WRITE N
ON NUNIT

CALL NTRAN
{
STORE_THR NEXT T0 IMG

FOR I = 1 THROUGH NP
LI = NP+I
IMG(LI) = THR(I)

NW = 2*NP

Y
WRITE NW WORDS
OF IMG ON NUNIT

CALL NTRAN




THRDST

ENTER WITH

X1,V1,NT - CURRENT MEAN, VARIANCE,
AND WEIGHT

X2 ,N2 - VALUE AND WEIGHT OQF

NEW SAMPLES

YES

NO
X1 = X2
Vi =0

RETURN

X=FLOAT(N1+N2)
R1=FLOAT(N1)/X
R2=FLOAT(N2)/X

#

X=R1*X1+R2*X2
VI=RL*(VI+X1**2)

+R2*(X2%%2) - X¥**2
X=X

EXIT WITH

ﬁ}{ UPDATED VALUES




5. CONTROL CARDS

This section presents some examples of the control cards required to
execute ASTEP in both the batched mode on the EXEC 8 system and the inter-
active mode on the EXEC 8 system. The control cards required depend upon
the particular case to be executed by the user and no example can illustrate
all of the possibilities; however, it is hoped that the examples presented
will prove helpful as an aid to the user.

In general, the following steps are required to run the program:
Step 1:

Preparation of the data for the run
Step 2:

Selection of program options to be executed and
preparation of program to execute the options

Step 3:
Execution of program options

The first two of these three steps involve assignments of files and/or
tapes for data handling within the program, which is accomplished by control
cards. The nominal file unit assignments used by ASTEP are given in
Table 5.1. The user should be aware of these unit assignments when setting
up and executing the program.

In general, Step 1 requires the use of file units 4 and 7. The other
unit assignments required depend upon the program options selected in Step
2. Table 5.2 lists the nominal unit assignments required by the various
options in the program,

Tables 5.3 = 5,10 illustrate different examples of control card setups
for batched runs on the EXEC 8 system. It should be noted that the symbol,
B, in the examples is equivalent to a 7/8 punch in column 1 for card input.
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Table 5.1

Unit Name
ISIGF1 1
ISIGF? 2
IMGUNT 3
DATUNT 4
- 5
- 6
OBSUNT 7
0BS1
NUNT(3)
THISF1 % 10
THISF2 ) 11
NUNT(2) 12
UVUNIT 14
NEWSUN 15
IUB 16
IUC, 18
IuD 19
NEWDAT* 20
* NOTE:

Unit Number

Nominal Unit Assignments

Definition

Signature file 1
Signature file 2

Usual image file

Data file in ASTEP format
Card input file

Printed output file

Packed MSS data file (LARSC, ERTS,
and Universal formats)

Output file for CPYDAT option

Special image file used by the
DIFIMG option

Temporary scratch files used by
HSGRAM option

Special image file used by the DIFIMG
option

Qutput file for the UVWRIT option
File used by NEWS and UPNEWS options

Temporary files used by the FEATSL
option

Qutput file for TRNSFM option

When the TRNSFM option is executed, it sets DATUNT = NEWDAT
before returning control to the ASTEP driver.



Table 5.2. Program Options and Required Units

Program Option Units Regquired {(Nominal Values)

ADPCLU DATUNT (=4) and IMGUNT (=3)

COMPAR ISIGF1 {=1) or ISIGF2 (=2) or both

CPYDAT OBSUNT (=7) and 0BS1 (=8)

DATDEF OBSUNT (=7) and DATUNT (=4)

DIFIMG NUNT(2) (=12), NUNT({3) (=9), and IMGUNT (=3)

DUMP UNITNO (Input to DUMP)

EDTSIG ISIGFT1 (=1) or ISIGF2 (=2) or both

FACTOR DATUNT {=4), IMGUNT (=3), and sometimes
ISIGF1 (=1) or ISIGF2 (=2) or both

FEATSL ISIGFT (=1) or ISIGF2 (=2) or both

HSGRAM THISF1 (=10) and IHISF2 (=11)

IMAGES IMGUNT (=3) or NUNT(2) (=12) or NUNT(3) (=9)

INTHDR DATUNT (=4)

ITRCLY DATUNT (=4) and IMGUNT (=3)

MAXLIK DATUNT (=4) and IMGUNT (=3)

NEWS NEWSUN (=15)

QUIT (No files required)

QUANTZ DATUNT (=4) and IMGUNT (=3)

TRNFLD DATUNT (=4) and IMGUNT (=3)

TRNSFM DATUNT (=4) and NEWDAT (=20)

UNITS (No files required)

UPNEWS NEWSUN (=15}

UVWRIT ) DATUNT (=4) or IMGUNT (=3) and UVUNIT (=14)

NOTE: When several options are used in combination, some unit numbers
may change.
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Table 5.3. Example of Control Card Set Required to Use a
MSS Data File (Batched Mode - EXEC8 System)

Cards

Explanation

@RUN,/R PSTRWX, 1490T-A025-C, TRW-T49144

Run card

@QUAL TRW-TE0655
@ASG,A *LARSCI.
@USE 7,*LARSCI.

MSS LARSC1 data is saved on
unit 7 under the qualifier sym-
bol TRW-T60655

Other unit assignments required
by the ASTEP options to be used
should be inserted here

@QUAL TRW-T33710
@XQT *ASTEPT.ASXMAP

Loads ASTEPT which has been
previously saved under the
qualifier TRW T33710 and be-
gins execution

|

ASTEP User input cards

!

The ASTEP options input by user.
This set of cards always begins
with an ASTEP option and ends
with the ASTEP option, QUIT

@FIN

Terminates the input stream
begun by the RUN card
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Table 5.4. Example of Control Card Set Required
to Use an ERTS Physical Tape

Cards

Explanation

@RUN,/R PSTRWX, 1490T-A025-C, TRW-T49144

Run card

@ASG,T ERTS.,8C,T01440

USE 7 ,ERTS

ERTS is an arbitrary file name,
8C means that the tape is 7
track {rather than 9 track),
T01440 represents the number

on the tape reel

Assigns ERTS to unit 7

Other unit assignments required
by the ASTEP options to be used
should be inserted here

BQUAL TRW-T33710
@XQT *ASTEPT.ASXMAP

Loads ASTEPT which has previous-
ly been saved under the qualifier
TRW-T33710 and begins execution

!

ASTEP User input cards

!

The ASTEP options input by the
user. This set of cards always
begins with an ASTEP option and
ends with the ASTEP option,
QUIT.

@REWIND,I ERTS

Rewinds tape and tells operator
that the user is finished with
the tape.

@FIN

Terminates the input stream
begun by the RUN card
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Table 5.5.

Example of Control Card Set Required to Save a Tape Created

by the DATDEF option from a MSS data tape

Cards

Explanation

@RUN,/R PSTRWX, 1490T7-A025-C, TRW-T49144

Run card

@ASG,T ERTS.,8C,T01440

BUSE 7.ERTS

ERTS is an arbitrary file name,

8C means that the tape is 7-track

(rather than 9-track), T01440
represents the number on the tape
reel, ERTS is the input tape

Assigns ERTS to unit 7

®ASG,T DATAUP. ,8C,XSAVE

@USE 4,DATAUP

Defines the output tape name
(DATAUP) and tells the operator
that the user wants to save DATAUP

Assigns DATAUP to unit 4

|

Other unit assignments required
by the ASTEP options to be used
should be inserted here

@QUAL TRW=-T33710
@XQT *ASTEPT.ASXMAP

Loads ASTEPT which has previously
been saved under the qualifier
TRW-T33710 and begins execution

}

ASTEP User input cards

%

The ASTEP options input by the
user, This set of cards always
begins with an ASTEP option and
ends with the ASTEP option, QUIT

@REWIND,I ERTS
@REWIND,I 'DATAUP

Rewinds the tapes and tells oper-
ator that the user is finished
with the tapes.

@FIN

Terminates the input stream begun
by the RUN card
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Table 5.6. Example of Starting With a Tape Created by DATDEF
From a MSS Data Tape and Saving an Image Tape

Cards

Explanation

@RUN,/R PSTRWX, 1490T-A025-C, TRW-T49144

- Run card

@ASG,T DATAUP.,8C,A12345

@USE 4 ,DATAUP.

DATAUP is an arbitrary file

name, 8C means that the tape

is 7 -track (rather than 9 track),
A12345 represents the number

on the tape reel, DATAUP is the
input tape previously created

by the DATDEF option

Assigns DATAUP to unit 4

@ASG,T IMAGES.,8C,XSAVE

@USE 3 ,IMAGES.

Defines the output tape name
(IMAGES) and tells operator
that the user wants to save
IMAGES

Assigns IMAGES to unit 3

Other unit assignments required
by the ASTEP options to be used
should be inserted here

@QUAL TRW-T33710
BXQT *ASTEP.ASXMAP

Loads ASTEP which has previously
been saved under the qualifier
TRW-T33710 and begins execution

!

ASTEP User input cards

!

The ASTEP options input by the
user. This set of cards always
begins with an ASTEP option and
ends with the ASTEP option, QUIT

@REWIND,I DATAUP
GREWIND,I IMAGES

Rewinds tapes and tells operator
that the user is finished with
the tapes

@FIN

Terminates the input stream
begun by the RUN card
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Table 5.7. Example of Copying a Subset of a MSS Data

Tape on to a File

Cards

Explanation

@RUN,/R PSTRWX, 1490T-A025-C, TRW-T45116

Run card

@ASG,T ERTS.,8C,T01440

@USE 7,ERTS.

ERTS is an arbitrary file name,
8C means that the tape is 7 track
(rather than 9 track), T01440
represents the number on the tape
reel, ERTS is the input tape

Assigns ERTS to unit 7

@ASG,RP CPYDAT.

GUSE 8,CPYDAT.

Defines the output file name as
CPYDAT and designates a public
read-only file

Assigns CPYDAT to unit 8

Other unit assignments required
by the ASTEP options to be used
should be inserted here

@QUAL TRW-T33710
BXQT *ASTEPT.ASXMAP

Loads ASTEPT which has previously
been saved under the qualifier
TRW-T33710 and begins execution

A

ASTEP User input cards

{

The ASTEP options input by the

user. This set of cards always
begins with an ASTEP option and
ends with the ASTEP option,QUIT.

@REWIND,I ERTS

Rewinds tape and tells operator
that the user is finished with
the tape

@FREE CPYDAT

Catalogs the new file CPYDAT

GFIN

Terminates the input stream
begun by the RUN card
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Table 5.8, Example of Reading a File Created by the
CPYDAT Option with DATDEF

Cards

Explanation

GRUN,/R PSTRWX, 1490T-A025-C, TRW-T63798

Run card

@QUAL TRW-T45116
@ASG,A *CPYDAT.
BUSE 7,*CPYDAT.

The CPYDAT file, created in
example 5,7 under the qualifier
TRW-T45116, is assigned to

unit 7

@ASG,T TEMP,
GUSE 4,TEMP.

Assignment of tenporary file,
TEMP, for use by the DATDEF
option

Assigns the TEMP file to unit 4

Other unit assignments required
by the ASTEP options to be used
should be inserted here

@QUAL TRW-T33710
@XQT *ASTEPT.ASXMAP

Loads ASTEP, which has previously
been saved under the qualifier
TRW-T33710, and begins execution

|

ASTEP User input cards

!

The ASTEP options input by the

user. This set of cards always
begins with an ASTEP option and
ends with the ASTEP option,QUIT.

@FIN

Terminates the input stream
begun by the RUN card
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Table 5.9. Example of Saving a Signature File

Cards

Explanation

@RUN,/R PSTRWX, 1490T-A025-C, TRW-T49155

Run card

@QUAL TRW-T60655
@ASG,A *LARSCI.
GUSE 7,*LARSCI.

MSS LARSC1 data is saved on
unit 7 under the qualifier

TRW-T60655

@ASG,P SIGSIG.

@USE 2,SIGSIG

Defines the output file name

as SIGSIG and makes it a public
(P) file and assigns it the
qualifier on the RUN card
(TRW-T49155)

Assigns the SIGSIG file to unit
2

Other unit assignments required
by the ASTEP options to be used
should be inserted here

@QUAL TRW-T33710
@XQT *ASTEPT.ASXMAP

Loads ASTEPT, which has been
previously saved under the
qualifier TRW-T33710 and begins
execution

!

ASTEP User inputs

i

The ASTEP options input by the

user. This set of cards always
begins with an ASTEP option and
ends with the ASTEP option,QUIT.

@FREE SIGSIG

Catalogs the new file SIGSIG

@FIN

Terminates the input stream
begun by the RUN card
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Table 5.10. Example of the Use of a Previously Saved Signature
File by a Different User Than the User who Created
the File, and Creation of a New Signature File

Cards

Explanation

BRUN,/R PSTRWX, 14907-A025-C, TRW-T63754

Run card

@QUAL TRW-T60655
@ASG,A *LARSCI.
@USE 7,*LARSCI.

MSS LARSCY data is saved on
unit 7 under the qualifier
TRW T60655,

@QUAL TRW-T49155
BASG,AX *SIGSIG.

@USE 1,*SIGSIG.

Makes the signature file (SIGSIG),
which was created under the
qualifier TRW-T49155, available,

X denotes exclusive use.,

Assigns the SIGSIG file to unit
}

BASG,P WRTSIG.

BUSE 2,WRTSIG.

Defines the output file name as
WRTSIG and makes it a public (P)
file and assigns it the qualifier
on the RUN card (TRW-T63754)

Assigns WRTSIG to unit 2

|

Other unit assignments required
by the ASTEP options to be used
should be inserted here

@QUAL TRW-T33710
@XQT *ASTEP.ASXMAP

Loads ASTEPT, which has been previ-
ously saved under the qualifier TRW
T33710 and begins execution

!

IASTEP User input cards

i

The ASTEP options input by the

user., This set of cards always
begins with an ASTEP option and
ends with the ASTEP option,QUIT.

@FREE WRTSIG

Catalogs the new file WRTSIG

@FIN

Terminates the input stream
begun by the RUN card




6. EXAMPLE ASTEP RUNS

This section presents two example ASTEP runs which demonstrate the use
of several ASTEP options. Both examples were run from a remote terminal on
the UNIVAC 1110 computer using the EXEC 8 system. The interactive mode
illustrates user and program responses. In examining the examples, it is
noted that the system types the prompting character > in column 1 when it
requires a user input,

For both examples, a block of data was selected from the LARSC] file
for analysis. In order for the user to better understand the results of
the example ASTEP runs, it is felt that a brief description of the data
set selected for the examples would be appropriate.

The LARSC1 file contains 12 channel multispectral scanner data taken
from the C1 flight T1ine of test area C in Tippecanoe County, Indiana
(Reference 12}. For the examples, a block of data was selected corresponding
to an area that contained sharp, well defined boundaries between agricul-
tural crops that appeared individually homogeneous in a photograph of the
area. The block of data selected consists of elements 10 through 91 on scan
lines 600 through 681 of the C1 flight 1ine. An annotated photograph of the
area is provided in Figure 6. of Reference 12. Examination of the photograph
shows the following:

The upper left-hand corner is a corn field.

e The upper right-hand corner is a pasture.

8 The lower right-hand corner is a soybean field.
¢ The Tower left-hand corner is a wheat field.

¢ A straight road runs from top to bottom separating the
corn and wheat from pasture and soybeans.

o There may also be a road from left to right just be-
Tow the corn and pasture.

A sketch of the scene is shown in Figure 6.1.



CORN PASTURE

/— ROAD

WHEAT SOYBEANS

Figure 6.1 Sketch of the ground scene

For this analysis every other element and scan line was skipped such
that a total of 1681 data vectors were considered.’

EXAMPLE ASTEP RUN 1

In the first example run, the data set is classified using three ASTEP
data classification algorithms (ITRCLU, ADPCLU, and MAXLIK). The data is also
classified using the QUANTZ option. The results of the various classification
options are displayed using the IMAGES option, and the differences between
various images are displayed using the DIFIMG and IMAGES options. Based on
the preceding analysis of ground truth data, it is expected that the classi-

fication schemes in ASTEP would classify the 1681 data points into 4 or 5
major classes.
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EXAMPLE ASTEP RUN 2

In the second example run, training fields are selected from the four
sub-fields comprising the entire data set. These training fields are shown
in Figure 6.2, The signatures (i.e., means and covariances) of the training
fields are then computed and saved on a temporary file. Next the entire 12
channel data set is classified using the maximum 1ikelihood classification
scheme (MAXLIK). The results of this classification are displayed using the
IMAGES option.

Next the best 4 of the original 12 channels and the best 4 linear com-
binations of the original 12 channels are computed using the FEATSL option.
The two transformations for these subsets are computed and saved on a
temporary file along with the transformed signatures. The entire 12 channel
data set is then transformed and saved on file using both transformations.
Both 4 channel data sets are then classified using MAXLIK and the results
displayed using the IMAGES option. The differences between the image

W

CORN PASTURE

/— ROAD

NEEEN

WHEAT SOYBEANS

Figure 6.2 Location of training fields
in ground scene
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corresponding to the 12 channel MAXLIK classification and the two images
corresponding to the MAXLIK classification using the best 4 channels and the
best 4 linear combinations of the 12 channels are displayed using the DIFIMG
and IMAGES options.

The user may note the differences in computation times between the
MAXLIK classification of the 12 channel data set and the 4 channel data
sets.

The examples presented in this section are not difficult or time
consuming to run. Thus, it is suggested that the new user consider dupli-
cating all or part of Example 1 and Example 2 on a terminal in order to
become acquainted with the terminal response and methods of input.

The ASTEP program is designed to essentially "talk" the user through
a run. If the program requires an input, it will normally type an instruc-
tion or Tist choices. In the case of input, the program will type the
first namelist card and the varjables which need to be input. As was men-
tioned previously, when the system requires a user input, the prompting
character > will be typed in column 1.
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EE*QEBUSER[D/FHSSUDRDI

*DEITROY UIERID-PARTSWORE ENTRY
«UNIvAC 1100 OPERATING SYSTEM VER. 31.199.206ER(RSI>e
*#FLUN ABTRWL v 1490T-AU25 - TRIF-TE 1555

DATE: (42274 TIME: 152239
PAUSE ALy TRW-T3371 0eTRWDAT .
RERTY

PBASGYAX AL

READY

~FCOPY+A R.2TRFS,

FUURPUR DD26-04-22-15:23
1 ABS

SWFREE A.

READY

PPUSE ASTEPT. TPFS.

READY

SPUTE L. s TRU-TEOETESLARSCYE .

READY

PAAZh AN L.

FERDY

SPUSE Tol.

READY

SPASEHT L.sF

RERDY

SFASEAT 3.9F

FEADY

cASHT 4, -F

REARTY

SIREGHT 3.sF

RERADY

PIATGT 12.-F

FERDY

7AMAT ASTERT.ASKMAP

ALGORITHM SIMULARTION TEST RND EYALUATION PROGRAM

{ASTEP)
ASTEP VERSIOH APR 5 #1974
CHOOTE FRINT CORTRODL FOR RUN AT
ECHO HOECHD
MRECHO

N LT LT L )

ENTERN ASTEP ORTION QR TTPE A BLAKK
SDATOEF

EXAMPLE ASTEP RUN 1

In Exanple 1, a block of data contained in the LARSCI file
1s classified using three classification algorithms (LTRCLU,
AOPCLU, and MAXLIK}. The LARSC file is assigned to unit 7.
The temporary files 1, 3, 4, 9, and 12 are assigned because
they are required by the varipus ASTEF options executed in this
run.

J The DATDEF optian 15 called first in order to define the

DATOEF OFTION

SINBATD NFI1ELDs ITPFMT: 1TPNG, as B, Ks IDEVCE

» SINLATEL NFLELD® ] ¢ ITpFaletislfroval j4%255 ., Hu=lasnm] 419492 &
NFTELD L ITPFNT 1 ITPNO | A& 255.0 B ~1.,0 IBEYCE ©
CHANHE S SELECTED, 1 & 9 |2

TTRPE Yrs5 IF INFUTS ARE DK

>TES

SINFLDD ISTARTISKIPQIINCoUSTART ,JgKIPJINE

* %INFLOp  ISTARTASUO,ISKIP=l i[dcaBdy sTapteil,uskiPal JiNgagls
INPUT | FIELD BATA
FLELD [START [SKIP 1INC JSTARY J5K[P JINC

1 400 1 [14] 1]

TYRE Yes iF INPUTS ARE OK
»YES

THE DpTION OATPEF REQUIRED 8,5898 SELQNDS OF CPU TIMEa

EMTER 4STEP ODPTIOUN OF TYPE A BLANK
»EDTSIG

EDTS16G OFTian

CHOOSE EDTS516& ORTLGN FROM
BEGF|L S5AVSI6 REPSIG wrTsSIG
LISFIL ADOSIE EIG516 PRTSIG
QUIT

PBEGF T,

BEGFIL QPTIGH HAS BEEN SELECTED.

CHODSE p[LE NHUMBER FROM | 2
»1

CHOOSE EOTS16& DETION FROM
BEGF[L SAVSIE REDSI6 #RISiG

LISFIL apDS1& EIGSIG PARTSIG
Uiy
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block {ar blocks) of data in the LARSC! file that the user
lwishes to process, and to input the data to the program.

Later in the example, the data s going to be factored
and various signatures saved. However, before this can be
done, it s requived that a temporary file first be opened
up. This is done by caliing EUTSLG and using BEGFIL to
begin a file. In this case, the file is on unit 1. Had
a cataloged file containing signature data been assigned to
unit 1. then this TDTSIG and BEGFIL operatiocn would not be
required



ARUIT
RUTT oPTION WAS BFEEN SeLEcCTED.
THE opylon EDTHIG REQUIRED 0884 SECONDS OF CPU TIMEs

T T L Lo P T PP P P T I P

ENTER AgTEP OPTIOM OR TTPE & BLAMK The data is first classified using the iterative clus-
PETRCLY |ter1ng algorithm. This algorithm is activated by the ITRCLIS

option.
1TACLY  OPFTION

SINITRe Tlot2aMuINe NVHHAR s SEP s [SADAT  IDISF»54Py (P

A ATVITRL 1=k o fawgeneirs

S WM INBG , Gep=laby JIISFL, s Gppa=isl W
sINITAC

Tl L] +B000D00QE=D1

12 L] +«3#5000D0QE+D}

LLIL] - *5
NYMMAN = +20

SEP - «15000000KE+0]
ISODAT « -1

10:5F - +1

3 - =y LOQ0O0A0NE+D)

4 - =+« LOQOCRONE+D)

1" - .

SEND

TYPE Trx 1F INPUTS 0K

>YES

EMTER spLIT/COMBINE ISCH SEQUENCE
»95555¢5CS

CHOOSE yALUES FOR INITLALIEATION Fuon
TERG 510  HEW

»IrR0
*29e® |TERATION E=5 sedan
ITERAT [N s CLUSTER 1y FostTion 2, SPLIT, Hyw = 2
etgas |TERATION 2+5 wetun
1TEmAT  gN 2y CLUSTER Iy POSETEAN 3, SPLIT, Nym = 3
1TERAT [N 2, CLUSTER 2, POSETION 4, SPLIT, Wym ® 4

seaer |TERATION 145 wetas

ITERAT taN 3y CLUSTEIR Le PESITION 3 SPLIT, Nyn = L}

#vgqe |[TERATIUN al adteh

[TEmAT oM 4y CLUSTER POSITLON &) SPLET, Nyu = *
Sagegd JTERATIUN e 8%

LTERAT | ON By CLUSTER by FOSITion 3, SPLIT, NyH 2 7
Svgew [TERATIODN §=C andas

LTERAT [N 4 LCLUSTERS i AND 7 MWERGED, NYN = &

ITERAT [N & {LLUSTERS 5 AND & MERGED, MyH w &

hd * ITERATION T=5 setes

ITERAT [ON ¥y LLUSTER o POSIvIGN 34 SPLIT, Wyr = [
*euge |TERATION B=l aatsa

ITE#AT oM 8 CLUSTERS 1 ANDP & BERGED, NVYm = 1]
ssagn |TERATIUN =5 suvas

LTERAT [ON 9 CLUSTER by POSITION 3y SPLIT, My ®» 4
*2esd JTERATION 0= ssvae

CLYSTER SYmMBOL SIIE R mEAM R S GHR DIFF
1 A 29 512 1
2 B Hae 1&.:5 ::2; ":a; The 1TRCLU option clustered the data into $ix ¢lusters
3 c 424 .47 2,78 +00 fhe varjous clusters of peints are output with the cluster
4 u s 3 3.5% .00
s E 24t I T adé 1eld symbol and size.
& F 83 pr.a? 3.867 15,97

CKoBSE gPYroN FROM

HEANY ANGDIS  gulrv SIGMAS
FRUIT
THE BPTION [TRCLU REQUIRED 29,3729 SECONDS OF ¢PU YnME.

DL T L LT T T P S e

ENTER aSTER OFTION QR TYPE A SLANK

The TMAGES option is called to display the resules frow
»IMAGES

itne [TRCLL sption.

IMAGES OFTION

SELELT IWagES OPTION FROM

STatTUS TMUNTY THRESH STYRBOL ALLCLy
g suBsEY b, NS 1bE Nty The STATUS suboption displays the class symbol, image
a§7aTUg symbol, and nurbier of pikels in each class an the image unit
[LITER THRY AL HINFLX [FIELD H it 3
3 24,0 ! o g 0 8 0 0 @ 0 O n (in ehts case unie 3).
CLASS CLASS 1HaGE NUMBER
HMUMBER STYMeOL STMBOL OF PILELS
1 » A r
2 B B 438
3 < [4 428
L] "} D 4T
5 E E LA
+ F F a3
SELECT IMAGES OPYION rROM
STaTus IMUNT T THRES L] i
ECHeLS SUBSET au":[: ?:37:: :::3%3 The THRESH subaption is used te change the threshold
*THRESY iue to 100, Pixels with a greater value are fgnoved.
SINYHRE  THRVALGMINRLX, IFIELD proiue ' ’ !
> SlATHRE Jmvalaluday



BinTHRY

THRVAL = +10000000€+03

HWINPLIX = .

IF1fLD & *04 -0 *Qy *0)
+0 *0s 0, 0
*04 0

SEND

TYPE Y5s 1r INPUTS ARE CORRECT.

TS

SELECT I1MAGES OPT|ON FROW
STaTus INUN]T THRESW STYMROL ALLCLg

ECneLs SUBSET BOADER INSI1DE Iuguly | The ALLCLS suboption displays the pixels im a)l classes
*aLtlLs in gne image. The class of each pixel is indicated hy its
|1'mage symbol .
tnaGE pom FltLb |
6222223333304 nBESRghadbeTT I 7ad
OZ44B02Y4R0I4A00244080298902%48002540024480
ot
407 ooepboppleoobpoDDCH
404 DOoGODOBDPDLDDBDRROC
+04 DOBODDOBODELOBRONOD
40¢ popobpoPPCOCDDOODCERRENEY
10 0DDDDRBBEDDDODDOOLOS
12 ©ODDODOEDODCODDOLOOABE
414 CODODOBODDLRORDODCOEBAS B
+14 OOLBDOODDOOBLEBDOAGOONBAS
410 0OOCDBHODPDOCEDHDOCDAD
420 ©OCOORODDOLDODDOGDD
42 oObpboccobRoDDDOpObhOAReBRD
42% DOBODCADGOLDDODDDOOCASABABNARBRRARS
474 DODDDOBLCLDDODDDOOCHBRBBARS
«I8 DOpDDDOBCDODDLDODD [ ]
430 DoppDPOREBOODODODD BBBRBDDBAGDD
437 00DDODROLODRODEDODLS BsRRRDRRDOODD
#3%  DoDHOLEDDDOOODOODOOS sBEBRRRDRDDO0G
434 DDcDDpRDDDODbDOODODE napbanPpobOO
438 DDODPDRBDDBROODBOOD RABABABADDDECDODD
%G 0DpOEODADOODODOODOCERBENBRANABDOADDIDDCD
442 DODODHDCLDDOROOODDCABRBRRRANANCECPDDDDCLE
4%4  DDOOORDDOOOLOODOORCRREERRBRDDONDRDDDOBDOE
4% [TECEPFECEAAAMRAAPDDECCCCEEECCCCECOTELCCE
é%8 LEFECECECECEFFFPEECCCCCECCCEECCLECECCLcll
480 EEEEFFLEEEEEPFAFFALCCCCCCCCCOOCTECERLECC
o8 EEEEFFFEEEFFEEEEFAECCCUECECOCLECLOEEECCLC
454 EREFFFFAEMFEEECFAALLCCCCCCECCCLOCCEEeEEce
#bé EEEFFEFFFFELEEEFAAFCCCCCECECOCECCEECCErCC
B0 CEEFFPFEFECEEERTAFFCCLCECEEECECeCLCELCElE
ebd  EFFrPFAREEECERRAPALFCCCCLCLCELCCCCCECECCEl
CELEEEFLELEFFFAFAATECCCLCCCOCECCCCECCECCEE
EEEEELEERRALPEEEFFFECCECEeCCeeeaceceleece
obd ERECNECTIREFERELERECCeCCeLLLCLCieRraceece
b0 CCcRERLETEEERELERERCOCCCCELLLCELCECCaekd
470 CEEEECETEECCEEEFAFFCCCLEcecCocecreceeeces
Y7 CEEECCELEEFEEARCELECCCECECCCeCleaeeticee
478 CEEECECEEEEREELERECCCCCECOECOeCocereacced
4Th EEECECEEREEFFLEFaAFLCCCCECECCLCCECLlrCLe
70 ENEREPRECEEERELFCRERCCLCCECECOCCICeCECeede
o800 EFCEEVEEEEEEELETEERECOCCCCCECEECcEeECecee
SELECT [MAGER OPTION Faqm
Stayus IMUN]T THRESH TYHROL ALLCLg
ECHELY SUBLET sorpln THSIDE 1MQUIT
*iMENET The IMQUIT suboption terminates the IMAGE aption.
TME ORTI0K IMAGES REQUIRED 45978 SECOMDS OF cPU TImE. 1
T L1 LT Uy, -
ENTER 4sTEP GPTION OR TYPFE A RLANK The FACTOR option is called to compute and save the
»FacTon signatures (i.e., the mean vectors and covariance matrices}
of the clusters formed previously by ITRCLU. The signatures
FAcror oPfryiow are saved on unit 1. The signaturses for clusters B, C, and

9 are saved under tne names SIGA, 5[GE. and SIGL respectively.
INMUT SYMBOLS FOR CLASSES. The signature for clusters A, E, and F are combined and saved
B under the name S[GDE,
TYPE YES TO PRIMT SYATISTICS FOR CLASS 8
bAJ 1 ]

FACTOR aNALYSIS FOR &
CHODSE INITIAL STATISTICS FAOKR ZERG OR FILE, OR QulTe

*ILRO
IERD H4s BEEN CHOSENSs
MEAN 1 BY 4
i z 3 4
1 T44737 21.824 844037 110s251
SluMaS I By g
1 H E] L]
] ze0%0 11439 1+704 T+356
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FXTN

Sarblp

PYLLT]
2712
TN

FX

»¢08Y
«Q17
=-10Th
IYE

o —

TreE Yrs To $AVE SIGNATURE

L1 4]

CHOOSE FILE NUWBER FAQM

>l

covmaT
2

+314
z+071
IRY L}
le0O¥

ARRAY
2

[LLT)
108
QU2
+02)

E1GENY
2

728
1%7
+BUE
«QiN

1

4 BY

i:11)
LT
FEYEE]
r)s027

arhb3
+*A75
427
+a02

2

1WPUT NaME TO SAVE DATA uNpER

*E1Eh

SIGHATURE SIGA

$1GA LI

4R

NUHILY = 438
INPUT symBQLS FOR CLASSES,

»

L]

Y2

4

o

XN L)

+098
~+28%
54.102

§

LFXANE ]
¥1+290
BN+ 49%
el

«0p%
+hs9
-eS0?
EXl:1 L)

HAS BEEN SAYED gN UNIT

TYPE Ygs TO PRINT STATISTICS FOR CLASS ¢
*NO

FACTOR gNaLYSIS FOR €
CHOOSE INITIAL STATISTICS FROW ZERQ OR FILE. ORK QylTs

sigro

IERD Has BEEW CHOSEWs
TYPE YES TO SaVE SIGNATURE

»res

CHOOSE plLE MHUWBER FROM

>l

z

INPUT wANE TO SAVE DATA YNDER

*S168

SIGNATURE SRR

3168 ND m

LITLEN B I 2

NK =g

L

]
INPUT 4yMBOLS FOR CLASSES,

*0

* 12

HAS BEEN S5AVED oN UNIT

YYPE ¥Yrs To FAINT STATISTICS FOR CLASS ©

>1Es

FACTOR aMALYS|S FoR O
CHODSE [NITIAL STATIST|CS FROM IERD OR FILE, OR QuiTs

>7ERD

1ERD Has BEEN CHOLEN»

1

i £3+584

1 Jukbd

13=%26
EEIR A}
Leluy
=10v848

£

394002
129108
7eb07
1ed%e

R

)

YLl
1029
-052

«¥1}

F YR YrN

MEAN
2

LR Y]]

FAR LTS
E

2-711

COYMAT

1T
4eBBB
3e779

706

ARRATY
2

LIRS
«20
al2e
2024

EILENY
2

1]
«E5B
532
200

TYPE YFs TO SAVE SIGRATURE

*YES

1 By
3

410142

1 By
3

2150

4 Br
2

ST
522
EAL T ]
=it ?s

w Br
3

LA
=A5Q
“qTA
1000

w By

s pd]
2132
(X34

LAFLY}

CHOOSE FLLE WYMBER FROmM | 2
>

Y

M

94

u

LIER L1

4

5.84%7

4

-eBgé
«055
074
34.207

3

Th58T
15 NS
¥7.593
AT+75%

=2yl

L)
437
-e13l



iNPUT wgmE TO SAVE OATa yUnDER

BSE13

TIGNATURE SIGC
alal ND e W
Wimi il - 474

H4S BEEN SAVED gN

1] ? 12

1nrUY SymBOLS FOR CLASSES.

TREV

LN I

TYRF Yrg TO PREINT STATISTICS FOR QL eSS AEF

STER

FagTOR anapLY51% Fom AEF
CHDDSE [N]Tihy STATISTICS FROM ZFRQ OR FILE, GR QyuiTe

>{ERD
LERC mas5 BEEN C

I

L] LEXEX 31
1}

1 3055
[}

1 9302

2 720156

b 10115

L} L3300
t

H FETELERS

I Iasl2?

3 LEY LY

L] 3eT4E
1}

I 141

H 430

3 k]

I 33

HOSENe
nEan
H

103142

SIGMAS
2

ko i8é

coveatl
2

#7112
1834755
Y4a745
ahedDZ

ARHAY
2

+B9y
«0&8
035
waly

ETGENY
2

T
R 21
87
48]

1 By
3

1g1+3282

L By 4
L]

10300

v 8y g
2

T
nte
loTeavl
$2-308

% By gy

TETH
952
84
1+0040

181
+827
-+311
~¢§R3

TIPF Yrs TD SAVE SIGNATURE

TS

CHANOSE fFELE NUMBER FHOMW

*

1 2

NPT waWE TE SAVE DATA UNULER

r51GDF

SIGNATLRE STGODE
SlGRE NP o= K
NURY [T & 3w

“

LLERY Y]

.

TsRAA

y

(X 1/}
CLEY ]
+79]
87+54Y

LEEY T2
41.37%
Tl s

-Bas
=420
«182
<078

HAS BEENW SAVED gN uNIT )

K = 1

4 712

(HPYT cymaGLs FOR CLASSES.

*

THE NpT]ON FACTOW REQUIHER 243770 SELQNDS Of PV TIME.

ENTER iGYeP OPT[ON OR TTYPE A RLANK
The W4ITS ogption 15 called Lo cycle the inage unit num-

PUNITS Ler, The image generated by ITRCLU vurrently resides on
image unitl nusber 3.
UNITS  OFIIO0N
[T TY PPy iy

TAy MU
3 . iy 12, e
sEnun
$SINUNIT
TMGUNT = *3
QRTUKT = u
UBSUNT - .7
i316F| = *l
i516F2 = +2
THISF] L] +lp
IH15F2 +11
ing} - 0
InG2 - +0
aH§g | - +e
SEND
CHOOQS5E gPrips FROM A i i j

EYCiy CHANGE wUELT The CYCLE option ?yc]es the unit nuwber on which the
»{YCLE lext image generated will be saved to the next availabie
sInuntT :
IRGONT = iz image unit number. In this case, unit 12.
DATUNT = 2
ABSUNT = 7
1516Ft = 41
151GF2 » .2
INISF] - +l0
jrisFy = ¥l
I1rG) [] 0
(LI = *U
ons| - +8
SFND
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THE OpTION UNITS

REQUIRED

«Onas SECONDS Op cPU TiuE.

D L T T L L P P

ENTER ASTEF OPTION OR TYPE A BLANK

*ADPCLY

The data is classified using the adaptive clustering

SINADPE
» %INkDPC

AUPCLY  DFTION

CmlBa 5%, HPBIG ok (w]
» NE HARm2U NPT IOV nETEG il M DD

CoSeMP Rl oA NYMMAX JNPT oNET yNMT s HMIN, IP

ihlgorithm. This algerithm i5 activated by the ADPCLU apliom.

L R7RIU HHINES  [Pe

JrT
JrT
Jer
Elal
Jey
-
GHA
09
144
45
38
52
2 Th
233
5

AINAGPE

< - + 00000008+ 02

L - «202000000eD)

L1g - +«1F0D00D0E+0L

L1} L] + 20000080 +D12

LH ~ +J000000pE+02

NYMHAX = 20

NPY . +100

NEY - +400

LLL - +100

HHIN - -5

e - ]

SEND

TYPE Yes IF INPUTS oK

>¥en

CHQOSE vALUES FOR INLT|&L1ZATION FRON

TEAQ a0 NEw

PR LT

CLusTEn 5 WEIGHT 2 ELIMINATED,

CLUATER & WEIGHT % ELININATED,

CLUSTER & WEIGNT 3 ELIMINATED,

CLUSTER & WEIGHT & ELIMINATED,

CLUSTER & WEIGNHY | ELIMmINATED,

HERGER 2 = & NJ2 = +t )i &N

tLUSTER $YMBOL S|JE R MEAN R §i
1 3 [
z ‘et 5
3 [4 “zh ¥
) -] “y9 5
s £ 1 5
% F 57 %
H [ 22 5
B L] a? 3

tHOOSE ofTIQN FROR

MEANG SIEHAS AMERTS QUi
*quIT

TWE Cpylon ADFCLU REQUIREDR

D N bl —maana

1980
1000
1000
1000
1800

NyH
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NyH
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| The ADPCLU option clustered the data into eight ¢lusters,

ENYER ASTEP QPTION OR TYPE A ALANK

FIMAGES

The varfous clusters of points are output with the cluster
symhol and size.

1.1020 sECONDS Cf CPU TIME,

mmwmataana

The IMAGES option is then called tp display the results

I

AGES pPTION

SELECT IMAGES GPTIAN FROR

5TavusS IMUNIT THRESH STHROL
ECHCLS SUBSET BGRDER INSIDE
rStafig
THUNTT THRY AL MINPLX 1F1ELD
12 440 ] a 0 o @
tLASS CLASS IHAGE NUHBER
NUMBER SYMBOL SYHBOL arF PIXELS
I [ . &
2 B ] Y44
3 [4 C H2&
L] il b LEL)
5 E E 148
L] F F 57
7 @ & 22
[:] H H ay
SELECT 1MAGES QFTION FROM
STatus IMUNT Y THRESH » SYMBOL
ECueLs SUBSETY 8oR0ER L3 2111
*THRES.
SINTHAE  THRVALSMINPEN, P IELD
LA SR TIN R TIPS
SINTHAF
THRYAL = +380)04000€+D2
LA LN B ] .|
IFIELD = 0
*0
+0»
SEND
TYPE Yrs IF INPUTS ARE GDRRECT.
*YES
SELECT IMAGES OPTION FROM
STarus INUNIT THRESH SYMSaL
ECHCLS SUBSET BORDER INSIDE
*apLflyg

ALLCLs
Emguiy

¢

1}

a

ALLCLY
TRQlfy

'L
*0»
0

ALLELS
Ingurr

1]

!frum the ADPCLU option. All classes are displayed.

0

*0. *D.
0 *0»



IwdGE rOR FIELD |

JIII1 222223330 44444585856 458467177788508Y
D24aRO744402%680746802%48024580248802 4480

400 BRARAERAEBAREGBARDACO0D0ONDAPODDORODODDOOD
602 PABARARBESBABRRARACBOOODODORDODOLODEODDDOD
604 8BBARARABBRASAGNABLODOLDDOOCLGOODEDODODRDD
«0é BAapBabedanndBasBaaOCODORDDAOODRODDDODOOD
DB BRBAUASARLABBARMRCOODDODDODODDLOLRODDODRED
410 ABsBRBRRREARNBAARCROODORGDREOCCODDLORLRDD
4l2 &68pBABBBEABABABREACONDODODDDODDDPDDDEDEDD
4l9 ©apeaaBBABBERBABACRODDDOHORODDDDRDNDODEOD
4le BBEABABBAUBEBBEBBCROODODYDRDDODOPLDRDERDD
418 BEsCBRRBEBBBABRBACEDDDONDOLODDDDDODDODDOD
420 BBCBARBBEBBBRBARARBODDODDOADODEDDODODODOD
422 BABNCCBBBBRBABNABRABDDDODDDRDODODDNDDRDDPOD
42% oBeaCABARERENERRBBCADNDDDOGODDRPOOOODDDOD
425 EBBBRBANBERBREBRRRACHODDODOBDDDODORDDODDOD
20 QSEEBEBBAREBBRNARRSACHOODODOROODODBDBLDDOHD
430 BOBABBBEPEHARBARNRSCDONODpOGODDDODDRODOORE
432 BaspBsBRABURRARRRERCDOO0D000ODOODDDS0DOBRE
&34 ShEpBpBADAARGA B00p00DODRDODDOCDDOS
434 BACARRNASABARBAARSECUODLCOOOCLDORORDBERED
§38 BBRPANNPAGLEMRRABALBCHDODDDODDOCABABBERER
440 BRANRABEBERASARARALOOCCODDODODDARBADEARCE
442 BBPPBRDEALBEBERSSBCADLODOOLOODC CERRBACCE
444 DABRBRBREERANEABMAACODDODADRBGEBRODDRNEREE
#4 EEFEEFFEECGGEE 6 FBCCCCC{cCcCCacoeeaCCoht
448 EEEFEEEEEECEFFFPEECCCCCOCCCECCECCECELLCEC
450 nHEEEEEEEEEEEFGGFFGLCCCCereccCLecCoecioece
452 EMEEFEFECECEEEEEFFECCCCECCeCLCECCECCECCCC
459 EEAFFFGFEGFEEEEFGGECCCCcRcCcccercecieeec
456 HWEEE EFFFFEEEEEFG FCCcCCrCclorCoLELLirde
4580 HEEFFFFEEEEEHEELFFFCCcCecretoConccccioces
&40 EFFFFFEEELEEEEGFGEFCRcCCCCeccccCesectcede
eb? EEEEEEFEEEEFFFGPGuFCCCLCeCoCCCcCececcecee
&4 EEHHHHHMMEGFFEFEFFFCCCLCeCoLCCCEcCCEtecEl
dbé  HAMHMHMWHHEEEEEEEEEECCCCECECLLOTCCLLEELOeC
s EMMMHMMHRRHEEEEEEEECCCCECLCCCLLECCCLLLcee
670 EMHMHHHRHKHEEHEEEGFFLCCLOQLLECelecleececee
472 EWHHHMHWHHHEEEEFEEEEECCCLCECECLCLECLEctoeee
874  EMHMHMHHHHEEHHEEEEECCCCCCLCLcececcelecce
674  HHMHMHHWHRELFEEEFGGFCCLCCCOCCCoeocceedcce
478  HHWHHRHHHEEEEEEEEEECCCLOCLECTCLCCCECLEctC
480  MHEMAHWHHAHEEWEEEEFERECCLLLCCeECeecCelecce
SELECT IMAGES OFTJON rFROM
STarus IHUNIT THRESH SYABOL ALLCLg
EfHeLs SUBSET BURDER INSIDE INRUIT
>Iwautr

THF OpriON [HAGES REQUIRED

+6 |98 SECONDS OF CPU TIRE.

ENTER 25TE® OPYIOh GR TYPE A BLAMK

FUNITS

Note the similarities and differences between the images
generated by the [TRCLU and ADPCLU optiens,

In order to compare the imanes generated by the ITRCLU

(X33 LI
N

SENP
sIHUNIT
IMGUNT
DATUNT
OBSUNT
IST16F1
1516F2
IM1SFy
1415F2
MGt
162
aBs1

SEND

dNITS QrTIoN

LILT T T TN TR

- +1 ‘1l

+l2
+4
+7
vl
Lx]
+in
*1l
g
*Q
8

CHOOSE nPT]ON FROM

CYCLF

CHANGE  QuUIT

and ADPCLU aptions, It is required to vse the DIFIMG option.
However, firsl it is necessary to cycle the image unit numbers.
This is done by calling the UNITS option

At this point, the fmage generated by the ITRCLU aption
resides on image unit J. The image generated by the ADPCLU

option vesides on unit 12.

The CYCLE suboption in the UWNITS eption cycles the next

PLYCLE
ERLILER)
IHMGuUNT
DATUNT
DBSUNT
15tcFl
ISp6F2
InEsFl
LkSF2
1KGI
tuGg2
DASY

SEND

THE OeYIDON UNITS REQUIRED

e T T Ty Yy

+%
4
.7
+1
.2
+10
*l
+1
+12
+B

ENTER asTEP OPTION OR TYPE A RALANK

«Cd38 SECONDS OF CPU TImME.

image number available for the next jmage generated to unit
number Y,




PO1FIHE

The DIFIMG option 15 called to gensrate an image of the

OlFIMG  OFTINN

tnput rFQUIVALENCE LISTS
E¥ Ty

b2 1)

Ed 44

>08

>ErH

»FF

»
CLASS
|

H [ 4
3 < 1837
CLASS & AME TWOSE PAELS OF

sYHBOL SLZE
» 0

THE aerloN DIFIM. REQUIRED

14729 SECONDS O CPU TINE,

L e L L L LT T T e I e P T

EMTER axTER OPTION OR TYPE 4 BLAN
PLMARES

K

differences between the Images generated by the ITRCLU and
ROPCLU options. & comparison of the subsets hetween the
images indicates that subset A in the first image is the
same as subset G in the second jmage, subset B in the first
image {s Subset 0 in the second, etc. This information is
fnput to Lhe DIFIMG option through the equivalence )isls.

TMAGE 3 THAY ARE NOT 3gN THE [NPUT ERUIVALENCE LI5T
CLASS m ARE THOSE FLXELS OF IMAGE | CIFFERENT FRON IMAGE 2
CLASY ¢ AME THOSE PIAELS THE SAME IN IMAGES 1 AND 3

The IMAGES pption is then calied to display the results
from the RIFIMG aption. Onily points different from the

IMAGES OFTION

SELECT IMAGES OPTI0N FROM

equivalence 1isis are dispiayed.

STatTUS {MUNIT THRESH SYMBOL ALLCLg
ECHELS SUBSET HCRDER INSICE IMQUI
>814TUS
THUNTT THRYAL LELLERS 1F1ELD
L 2440 ] D o 0o o ga 4 4
CLASS CLASS 1MAGE NUMBER
NEMBER SYHphL STMBOL OF PIXELS
1 A & o
2 H L1 L]
3 [ < 1e37
SELECT ImMaGgES OPTLOW FRON
STaTUS IMUNTT THRESH SYHBOL ALLELS
ECHELS SUBSET BORDER INSIDE Ml
PTHRES W
SIMYHRE  TrRYALMINRIX, |FIELD
2 eInIHRE Tricukle) 4
AINTHRE
THRVAL = +10U0000QE+D!
HINPIZ » .l
IF1ELD = 0 “Ds D *0,
0y 0 «0 “0.
0y -0
SEND .
TYPF Yrg IF INPUTS ARE CCHRELT.
PYES
SFLECT 1MAGES OPT{ON FADM
Enils  dusir  soesen  Siumm jhLeLs The SYNBCL susoption of IMAGES Js used to change the
>5¥MB Oy, {waye symbols of classes A, B, and C to I, O, and blank
,:;'E THE STRING OF 3 IMAGE SYMBOL5 DES|RED* respectively. The STATUS suboption is used to demonstrate
CLASS sYmBOL ABL the change in the image symhels of all the classes
IMAGE STYMBOL 1o :
1YPE Yeg IF INPUTS ARE CORRECT. te be printed.
SYES
SELECT IMAGES OPTIAN FROM
STatTUS HLULR R THRESwK SYMBAOL ALLCLS
ECHCLS SUBSET BORDER INSIDE INQULY
*5TaTug
InUNtt THAVAL HINFIL IFIELD
L] 1.0 ¢ o o a g D O
CLASS CLASS LMAGE KUNBER
MUMBER STmpoL SYHBOL OF PEIXELS
] A 1 i}
2 L} 1} 4
3 ¢ T3
SELECT IMAGES OFTIUN FROM
STaTus IMUKLT THRESH STMAO) AppfLg
£CHCLS SUBSET BORDER INSIDE tmguiy
*ALLELS

6-12



IMAGE FOR FIELE )

111112022233 0399444 BESBReaddsTTIT 7RS0T
Q2840024600294 00244002%60D7%4002 00400

s00

#02

(1L

(11}

adB

s10

ald ]
L15]

[31) o
18

420

e23

'YL ]
28

SELECT TmagGES GFFIQN fRON
ATATUS IMUNIT THRESK STHROL, ALLELg
ECHELS quRsETY sonpER INSIDE Iwgusy
*imgVlY
THE DFYION [MAGES REGuIRED 1.2320 SECONDS OF CPU TIHE.

i Dl T L U,

ENTER istEpP OPTION OR TYYPE A glank

BUNLITS
UN]TS OPTION
EeSplawsudnany

BAVIHUY

N L] *3y 2T 1 A4

SEND

SINUNIT

IMGUNT = *y

DATUNT = AL ]

OBSUNT = 7

1516F) » +t

I1StcF2 = .2

THESF1 = +lp

InNiEF2 = *1]

IHey - +3

JLIT L] )2

ods) L] 8

sEnD

CHODSE oPTigN FROM
eviLr CHANGE QulT

At this point in the program, the image resulting from
tha [TRCLU option is on image unit 3, the image from the
ABPCLY option is on unit 12, and the image from the B)FING
opticn on unit 2. The WNITS optian is ¢alled to change the
image nunbers,

The CHANGE suboption 1s called to reset the next avail-

FEMANGE

ble image unit number to 12, This is done to save the fmage

BINUNIT [MGUNT.OATUNT PRASUNT . IS 1aF 1o IS1GF2eIMISr 1 IMISF2, ING] . HER, O0KI on unit 3 from being wiped out by the next image to be gener-

H 1Nl T IMGUNE gt

TINUNIT
IMEURT = +)2
DATUNT = 4
QBIUNT = +7
1516F| = *1
ISIgF2 = +2
IKIEF] = «lD
TH{3F2 = LAN]
1mG | b 3
IrG2 - +12
oBst - L2
KEnD

YYPE Yeg 1F {NPUTS QK

>res

THE OPTION UNITS REQUIRED +D7849 SECONDS Or CPU TIME.

L LT L P LN T S LT Y P iy -

EMTER AisTVEPF OPTION OR FYPE A BLANK

ated (by the MAXLIK option).

The user wants to save the image on unit 3 {generated
from the results of the ITRCLY optfon) so it can be used
to difference images later.



The MAXLIK option is cailed to classify the data once

SMakLlc

MARLIK OFTiON
LLLPTTTr A r e L

CHOOSE mAXLIK OFTION FROM
REDS (G PROCIY  Quit INFRIG

»Re0S LG

CHOOSE piLC WUMBER FAON 4 OR 2 QR CHODSE D To QuiT,
>

1HpUT yES 10 PRINT SIGHMATURES RETRIEVED FROm FILE |
*Tes

LIST NamES FOR SIGNATURES, END LIST ®ITH NONORE.
*»S1ak

22 1] WD = 4 K= I 4 ¥ 32
MUM{il = 38
MEAN 1 8y &
1 2 3 L]
1 Tu+727 $2.824 $41037  110+281
COVMAT “ By g
1 2 3 L]
] 4»348 (L L2) 1428 =2+%00
2 IYYE 1.0 IRY-1} 12007
] 1s420 teol2 30&33 =-34%27
L] =2+700 L:00% )92} S 102

SHOMORE

CHOOSE FILE NUMBER FROM | OR 2 DR CHOOSE O TO HUjT.
>l

INPYUT vES To PRINT SLGRNATURES RETRIEVED FRON FILE |
ELL

LIST NayES FOR SIGNATURES, END L )sY WITH NOMORE.
>31GH

5168 NO = 4 K = 1 & ¥ 32
NUM(L) » 4zn
»316¢

Slac ND = 4 K ® 1 & %12
MUNIT) m wTh

*STEDE

JIGDE WD & 4% K = I s ® 12
NUM{I1 = 1l®

PNONOAE

CHOOSE FILE NUMBEH FROR | DR 2 pR CHOOSE 0 To QUeT,
*0
4 SIGNATURES HAVE BEZN RETRIEVED

CHOOSE MAXLIK OPTION FRON

again using the signatures previously savad by the FACTOR
option, First, the saved signatures are ratrisved by using
the REDSIG subepticn,

After the signatures have been retrieved, they are used
by the PROCSS suboption to classify the data usinb the maxi-

REDStg PNOCSS  QuliT INPETG
>rroCSs
1€ 0IS 4 By
1 z L] y
1 7014 135.8%2 ELRY.LH [(FITYT]]
2 190923 Te1%% 144068 111a382
3 3asT48 A3.38) #e552 227+04M
4 Znz.as52 7,109 $3+208 11+890
CLass sYMBOL S1ZE
1 ] 40
2 8 %10
3 [4 475
“ '] Its
CHODSE wAXLIt OPPION FROM
REDS|G FROCSS  QUIT INPSIG
*QulT

THE QPTION MAKLLK REQUIREQ

%.3550 SECOWDS OF CPU TiMEs

T S e L o i e g

EMTER ASTER CPTIDN OR TYPE A BLANK
SIMAGES

mum Jikelihood classification scheme. The data is classified
into four classes.

I The IMAGES optfon 45 then called to display the results

IHagEs oPfioN

SELECT ImAGES OFTION FREM

§TaTUS IHUNIT THRESH SYMBOL ALLCLE
L1748 | SUBSET [TL1-13] INSIDE Imquiy
>aratus

fram the MAXLIK option, A1) of the data subsets {i.e., the
4 classes) are displayed.



IHUNET  THEYAL  miNPL[A  LFLELD

12 V.0 ] ¢ o 00O 0 @ O 0 0 P
L ATS CL1%3 InaGE NUNBER
NUMBEA  SYHBOL  STMBOL  oF PEXELS
| . ’ LT ]
F [} [ a0
] [4 4 L]
L] ] ] I
SELECTY I1MAGES OPTLOM FRON
STATUS IMUNET THRESNH SYHROL ALLCLSY
ECuchd HWesLT L[ T.L1-11] ILERE-14 Iuguiy
»THAESM

SINTHRy  YHAYALGMINPEX,IPIELD
> SINTHHE THRVALE&.25(4%

SINTHRE
THAVAL = k28 |9000E+0)
HINPIXE +]
[FlELD = +0, *0y *0s *0r
04 L1 T 0, 0y
*0 +D
SEND
TYPE TEs IF INFUTS ARE CORRECT.
>¥ES
SELECT [WAGES OPY)IQON FROM
STaTUS IHUNT T THRESH STYHMBOL ALLELY
[{T4% | SUBSET BORDER {NSIhE T T3
3ALLCLY

IMARE FOR FIELD 1

P111132222303 339w ayudsbSossbdi?7rI7RbpaRY
D2a4B02HARNZY480244007%6802 4400248802 44d0

400 (4 CLOC LCLCECCE ARARARALARAAAAAAAR AX
402 CCCCCERCOLCECECET  ANAMARAARARA Ak A ARAR
604 coeoCeCefoeelages AL RARRANAARAARAAARAR
4086  CCCCECECCCECCOEEE  ARAANRAARAA AKAAAA AR
408  CCCcLcil CECECE  AANAMAARNRARAGARARRNA

410 CCCOECECCLEL CCCE  ARMAMMARARAAMARRARARAAA
412 croceece Cegee AAA AAARAAALA ARRARAAA
b4 CCCECEE CCCCCOCCCD AMAMMARRARARAARARAAAAR
1 Lgeciece  cce AAAAAAARNARRARRARAAA
étl c  {eecgeeedeeg ARNARARAMARARARA AAAR
420 CC CCLECLC CCC CCD AAMARARARARARALAA AdA
422 trt CCCCCCKCClr € AAAMARARLASARAL Axadp
24 CECC CCCCCCClericel ARARAAAARRRARAR AARAA
428 € CLCCCCEC CCCCCOCH AARRANSARAARA RRAAAAA
428 LCEECCCLCCEOULET €8 AARAAA  AAAAR AL &

430 COCCCCCCCrCCCCECera ARRARARNARAR

$32  COCCCCCCCCORELEOCT AARRASARRAAAL <
839 CLECCECCOCCCCCECLECARAARRRRANL A AC €
436 CC (C cLLLceliece AL AANANAA [ 4

438 CCCCCCCCCCCCCLOETE  AAARAMARMARL C C (L
480 € CCCCCLOLLLCOICe  AlaAAAAARAA [ e <

442 € €€ CCTLLLCOrECEr 4 AhaRah ¢ €
#%% €L CCCCCOCCLECCCEd AMaMAAAECCE ¢ € [44
4% boDDODDYDOWL BpBBRBEEBND paEAlEs O

4%8 DDDDPOOODDDOD © D B BBARBRBERBARBRAORE B
450 Dpppd OOPOOOD po DBBEBNAARAR ABBBBBAGH

452 bopp OLPLOCDODDD BERDBAAASARALABAABSSBE

%4  pDD LOCOEOOLEDELL L EPT T EET LT L ELT:T-] )]
454 DbOpD GODDOBOORD BB ApaBABERABAAMGEHBRE
458 DOp  DDDOODDDDODDD MpPSsbpSASBARBABEE BA
440 DD poOEORDRDODD © 0 MaABBpesBSsBABEABBEpAR
442 DDDDODDDDDPDODD © HaSBAABBBARBEBBRBRARR
444 ooDORDDOD PO DODDD BpB GPRBABERREGRAQARE
445 COCOPDDDUODOODODOOD BRBARBEBBENARBRANA BB
464 DODDCOBDDOOOOOODOLOCABIENEARBRERERRARARSS
70 COpPHDPDDOLABOODD © BaRs pRBRRRRANG padl
472 OO0 DDBDDUDODDOROODORBEBEAEREBBRREEARAAADE
474 DOpODOOBOOOOCDDOCOr BRBBREWAARABEANBESS B
476 Dop DROODD DODODD 8BBE BpBABENRABRDE BB
478  DDPDDLOBEOOODODGOGOD BBRERE SER BAA
480  BpODO D DOLQOOOKDDDBEBABBRAANS []

SELECY IMaGES OFT|ON FRON

STayYUS IMUNLT THRESH SYMBOL ALLKCLS

ECHCLS SUASET BORDER INSIDE IMguLy
*»ImMRUIY

THE OerviOn [MAGES REQUIRED kP12 SECONMDS Op CPU TINHE.
ENTER 1STEP OPTIOK OF TYPE A BLANK The UNITS aption is called to change the image unit
YUN]TS mbers. At this point, the image from the [TRCLY aption
is on unit 3, the image from the MAXLIK aption is on unit 12,
uNIT:  OPTION nd the Image from DIFING is on unit 9.



SAVINLN

N ] *34 *12s +9

SEND

SI1HuNTY |

IMGUNT = “iz The DIFIMG option assumes that the two images to be

NT = .y )

g:;sn' . . ) differenced 2re on units IMG) and IMG2, The autput of DIFIMG

1516F1 = * witl be on [MGUNT.

1516F7 = w2

ICTE LS ] +10

1HI5F2 = 1

JET-F] - +3

imgz - =12

oBsg b AL ]

SEND

CHODIE gFTION FROH - d t t th -

CYCLF CHANGE  4GUIT ) The CHANGL suboption is caile . ] rese; e next avall

FCHANGE able image unit number to 3. This is done in order to display

BINUMIT [MEUNT DATUNT OBSUNT L3 IFLoISIGRRLINESY|o INESFaoINGIoiuR20ONBIE ) yirerencor hotween the TTRCLU image on wnit 3 and the

> LA B g IPGUNT=73

FILTILIR MAXLIK image on unit 12.

IMGUNT = +%

DATUNT = "y

OBSUNT = .7

1S(6F| = +1

151GF2 = ¥

LLTEL A «l0

IhisF2 ® sl

tMG L - .3

ingz . sl2

o8sy - ]

SEND

TYPE YFs [F INPUTS oK

SYES

THE CRTION UNITS REQUIRED »0752 SECONDS Of CPU TiME.
SR remmmreEEsELETARAsmAASLeEmamavEsEowa-

ENTER asTEP OPTION OR TTYRE A BLANK The DIFIMG is called tn generats an image of the dif-

FDIFING ferences between the images gemerated by the [TRCLU and MAXLIK
options. A comparison of these images indicates the appro-

S1F1mG  OPTION priate equivalence lists to be input to DIFIMG.

INPUT paUIVALENCE LISTS
ETY]
>Ba
>Ch
*De
>ED
*Fp
>
CLASS gwyMaol SI1E
1 A a
2z 8 I
2 4 1487
CLASS o ARE THOSE PIRELS OF IMAGE | THAT ARE NuT |nx THE IMPUT EQUIVALENCE LIST
CLASS & ARE THOSE PIRELS OF IMAGE | DIFFERENT FROy L[MAGE 2
CLASS ¢ ARE THOSE PIKELS THE SAWE [N IMAGES | AMD 2

THE OFTION PIFIMG REQUIRED 15494 SECONDS BF CPU T[HME.
The IMAGES option is then called to display the resuits

fram the DIFIMG optien. Only the points difference from the
lequivaience lists are displayed.

ENTER asTEP OPTION DR TYPE & BLANK
»lMaGEsg

IMaGES DPTION

CLETTITrT LI
SELECT ImagES OPTION FROM
$TaTUS ILI'LT B THRESH SYMBOL ALLiLs
ECHELS SUBSET BOROER 1M510E luguly
>*STaTug
imMuNIT THRVAL  MINFIX IFIELD
® 24,0 1 0 pa a g da a9 a 0 g
CLASS CLASS IMAGE NUMBER
wUNBER  SYmBOL SYmade  OF PILELS
1 ) A a
2 B B mn
3 4 4 1647
SELECT IMAGES OPTION FROM
STatus IMUNTT THRESH SYMBOL ALLCLs
ECHCLS SUBSET BORBER INSI1DE Imqulr
*THRESH
SINTHRY  THRVALWMINPIX, 1F]ELD
> SIMTHRE ToHyAtel.J 3
SLNTHRE
THRYAL = «10u0DRENE+Q]
HInrlx « +l
IFIELD = +0, *0 0, 0,
0 D 0, *0s
0 0
SEND -
TYPE YeEg LF [NPUTS ARE CORRECT,
>res



SELECY IMAGES QFTION FROM

STayus THUNLT THRESH sYMBOL ALLClLy
ECHCLS BUBSET BORDER INS I0F Tugulr
*»SyMBDL

TyrE TRE STRING OF 3 [HAGE 5YHRO0LS DESIREDe

»10

CLASS SYMBOL  ABC
IHAGE sYmeolL 1D
TYFE TES 1F INPUTS aRE CORRECTs

>7rs
SELECT TMAGES TPTICM FROR
STATUS IMUNET THRESK sYnROL ALLCLY
LCHELS SUBSET [LLE14] INSIDE Thquly
»STATUS
EmuNlT THRYAL  WENFLX 1FlELD
L] 140 1 a8 o 8 0 O 0 @
cLASS class EMAGE NUHBER
HYHBER  STYMBOL  SYHBOY OF FIKELS
1 A [ a
2 [} 1] LT
3 ¢ 1847
SELECTY IMAGES OFT[ON FRON
$taTus INUNETY THRESH sYABOL ALLiLs
ECHCLS SUBSET WCRDER INS | DE 1nguly
>aLLELS
IMAGE fOR FLELD |

400
402
11
0
08
[31:]
12
[TL
slé
(Y1)
s20
12
[EL)
424
a2
30
43z
43
&3
38
&40
LArs
FLL]
a%é
w48
as0
452
1]
&5
11
'Y
a2
1L
b

&0
472
L)
[xal
478
ARD

sgLECY

BEpbL2322232033 948445655544 4ésT7 7777000047
O244802N6BDIABOZ* R0 H4002%60024 48024040
?

o0

IMAGES OFTION FROM

STATUS ITMUNTT THRESH ‘srYmufy ALLCLy
ECHELS SUBSET BOADER [NS10E TRQUIT

>ImguiT

THE GpTION JMAGES REQUIRED

le34sBd SECONDS OF CPU TINE.

i e o el 0 e e e s e e Ry e g ey Y P



ENTE®R asTEp GPTION 0N TYPE & BLANK

| The QUANTZ option is called to generate a gray scale map

AYANT]

QUANTZ dPT1OW
-

SLINRUAN KMERy XMAN s HE  KCH
> SENNUAN  AHIN=U« KM RalbSesnimly KLHRZY

SINQUAN

KN1N - +0080adhgE+00
LT Y] - +35500000E+02
Hg [ L3213
(3] . 2
BEND

TYPE Yes IF INPUTS 0K

>TES

LARGESY VALUE = 142,0 SHALLEST YaLuE = 780

CLASS sYMBOL SIZE cLw, BNDs Up. BNDs

1 A a
2 B 9

3 [4 0

- 3 [+

[ E Q

& r %

kd B 1274

L] H I3

’ ] b LLL+54

io J il 127+50 ICEELL
i 4 o 143044 187437
12 L [/} 159,37 175+3)
13 ] [+ 175+31 I9le3s
14 H ] 171,35 207+ 1Y
is 0 o 207419 223412
1s r 0 2232 23%.04
17 [l -} 23906 255.00
18 R Q 255,00

THE CpTIDON QUANTZ REOULRED aM224 SECONDS OF CPU TIME.

ENTER ASTEPF OATICN OR TYPE & BLANK
>IMAGES

of the data. Data points are classified according to the
magnitude of one compenent of the data vectors.

| The IMAGES option is then called to display the resuylts

IMAGES OFYT[ON

SELECT IMAGES OPT]GN FROW

STarus IHUNTE THRESK SYMBOL ALLELS
ECHELS SUBSET BORDER INSIDE Imauiry
BTHRESK

BINTHRE  TWRVAL MINPEX, [FIELD
> 3INTHHE [HAVALw=| L4

SINTHRE

THRVAL w «100000GoE+D|

HinFll - .

IFIELD = “0 0 +0.
‘ul *0! NII-
+D» +D

SEND

TYPE Yrs IF INPUTS ARE CORRECT.

>YES

SELECT InaGES GFTLOMN FADN

STarus INUNET THRE 5w SYMBOL ALLELg
ECHEWS SUBSET BOROER INSIDE ILITOR]
*ALLELS

from the QUANTZ option. A1l subsets are displayed by the use
|nf the ALLCLS suboptipn.

Q4
*94



ImAGE FOR FIELD |

111102222223 333449445858casbdaT777708
D2ubB0294B02 V480468024480 744R02Z44002

400 FEGGAGEERGREEHGHOGHGTLEUGUGUAGEGGRALGELES
402 GGGGERGEAEGERGAGEEGEIGERGGGREGGGERGRERGGS
A0% GLEGEGRLGHEAEEEECEGGEIAGRGGGERGRRGREREREES
s04 RGGGGGOARAGEEGULULRALANEECERGRANGUANCGRERGS
ADB GRGREEAEGUECURERAEERUERNCIGEaEIGGhGNEGoEE
410 GHGRLGEERGEGREGEGHGEREREGRCRNGRERRUREGEEE
$17 GEEGGEGLGGGEACAGECEETAIRGEGNEENEGEREREGass
A19 G6GEEGGEEGGERCGEEEGLUGEEGELENRENCHERARGSS
$ld GGEEOGEGGEGRREREGHEGF ECEACGEEaGRENURNGRSS
410 GEEGEEGEEGGRAGGEGUEFUGEEGRGEEGREREEEIRETS
420 GGGAGLGARGGEEORGEEEEGUCRRGRARERGIGEERRLLEE
822 GEEEIGEGGGGAOECRGERENEEGLESUTEGGEREGNEGGE
8249 FEGGOEERGHGOEAGEEAGEAGEECECUEERGRGOGHEEER
434 GLEENGEGREGEAEHEGCEHGGEEUCREELEGERRETCEGREG
420 GLGAEEGGELGGUGEECREGGEEIGUCIRLGRGEEURLERE
#30 GEEEGGGGAGGRGEGECGGOGEEELGGEAGRAACEERGGES
#37 GGRGEGLGGGEENEENEOGEICRGGEEEGEAGERGRGGELGRE
430 GERGLGEEELGEECGURGGEaRUGRGEGRGEIUEGENGERE
43h GEHGGEGGEHEEEUGGUERGUGEAGEEGGGELHELOGENGGEE
2)8 GEGGGELGGEAECEGEAGREGGGRGAUGGEEEEERGRECGUS
M40 BEGGGGUGERGRENCAEAGEGEGNEGGGEEEGRGEEEREEES
4%7 GEGGEEGGLREGENGEGROGEEIGAEGLIGERGEHELAGECHEE
MUY GHREGEGRGLEEEEEGRERECIGCRGRAGGGIGGLGINGLEN
A%4  HAKHHRHHMR I JJJ DI IHGREGGEAGAEGEGAGEGEHGLEG
448 MHHHHMHRHHHHE] L EHHHGE GGG a6 EGEEEEGEEaGGEE
450 GMHHHHHHHRHHL [ JHEGaE6GGGERaHEGRHMHNGEGES
452 HEMHIHIHRKHHMHHME I HGEGEGGGHGRAEHHGHGHNHNES
&54 MHGIIITIWIRKHMAKI [ IHGEGEGGEHANHHEHHEHHNGRE
456 GHHHHHIHHHHHAHHHTI JIGHGRGHGGHHGNHHGHHEHREE
458 GRAMIHIHAAHHGHHHIHHGHHHGHHGHRGGHRHGHKEHGEE
440 HIJ11[HHHHAHHH] | JHHGGGGGGGGEEEHNEEEGLGGES
267 HHMAHHHHHHHHI]]]11IHHGGRGGGEHRGHGMEGHRGGHS
464 MHGGGGEGGE] I IHHHHHHGGLGGGGGGEGEGEEMMHEGER
466 MHGGGRHGGHHHHHHHHHHGGGEGRGGEGGERENGENGGGE
4480 HHGGGGHGGHHHNHNHHHAGEGGRGGGEAAHGGGHHGEEGGE
L70  HGGGGGHGGHNHHHHHKIMHGGGGGEALGGGEEGHHGHMGEEG
477 HMGGGGMGGGHHHH I HHAMHGEGEGLGGHHHGEHANHEGGGE
4T MEGGEGGEGEGHHMHHHHHHEHG GGG GHHHHAGHHGRHGRGH
474 HGGGHGGGERHIHKHI | J I EEGEHHGHHGHANHHHHNGHGH
4T HEGGUEGGGHHHHHHHHHHMEGGEAGHHHMHHNMHH HHNMHA
&80 GERGGGGAGMHGHRHHNHHGHGGHGRHHHAHNHEGGSGHAN

SELECYT IMAGES OFTIQH FrAoK

$5Tatus | LULERG THRESH SYMBOL ALiLs

ELhELS SyBsET BORIER INSICE IMgUly
*>SypSET . - .
THPUT CuARACTER FGR PRINT AND IHacE STHBoLS FOR CLASSES IN SUBSETs The image containing onmiy subsets A, [, and J is generated
> M1 by using the SUBSET suboption followed hy an input string
THE I1MaGE SYMBOLS H1J wiLL BE PRENTED AS HIJ i i
TYRE Tes IF IWPUTS ARE CORRECT. starting with a blank character and followed H, 1, and J. A1l
IVES gther classes are printed as blanks.



SUBSET HJJ
FRINTED AS HIY

InASE FaR FlELD |

111412222233333%434485REL04bks? 777100
Q20400744002 %48D2448024480244802448D20

400 H

402

40%

[1-1]

(1]

410 L]

hl2

el

4l L]

4l

+20

a2

424

Y1) Ll

(Yl

430

*32

(L]

434 H

4dn

and

anz H H
PR L) H
8%%  HMHHHMHHKHI JJJIJJH ]
648  HHHHHHHRHAHAT | ] IHMH

450 HHEHRHHMHHAT T U1 1JH H KHH
452 H HHIW|HHHAMHHHHHIH M HH K MHHHK
6549 HN 1111 ]HIHHHHNEIEW HWHHKH WK WHH
456 HHHHH] HHHHHHHNHTJE W H HH HHH HH H
58 HHHIHIHNAMH HEWLIRR HHH HH HH HW HH M

b0 RI111IHHHRHHKHE [ JHK HH

S42  HHHHMHMHHHHEL L DL [ WK H HH H L]
408 HH [BALLLLLT LLLI

444 HH H  HHHHHHMHHH H H H

shB WM H  HHHHAMHWHMH H HH

At W H  HHHAHHH {HH HH H

472 M H HHMH | HHHHH HHH  HHHH

T w HHHHHHARN W HHRHK HN HH § M
afé H L] MHIHWME LT HH HH WHHHHHHH W H
T8 W MHHMHHWHHH H HHHAHHHHHHHHRHHN
40 HH HMHWHHH H H HHHHHHHN HHH

SELECY [MAGES OFTION FROM

STayus TRUNIT THRE 3k SYHBOL ALLELs

ECHELS sSuBsgy BORDER INSIDE Inguiy
>suBsSEy
INPUT CLHARACTER FOR PRINT AND INAGE SYMAQLS FAR € ASSES [N SumsET.  The dmage of 4] pisels of classes Ha [, and J bedng
PUHY printed as the character X is generated using the suboption
THE 1HAGE SYMBOLS H[J wiLh BF PRINTEDP AS & Jsypcer. 71 irst character i i §
TYNE Yen IF INPUTS ARE CORRECT. he first character is used as the image symbol for
>rgs all of the following classes.
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SUBSET W4
PRIKTED as X

IMAGE FOR FIELD |

1111122222233 34949MN55055648647777 788
Q7udBD2NEBG2Y4BN24aBN2 4640296804680 24440

400 K

402

(1L}

s04

408

50 x

412

al4

blé x

410

&20

$22

XL

42e »

428

$30

[LH

$3u

[l .3

4B

[11:]

['LES X 13
(L1} K
AVS  BEKKKEXXXRKKENLEKNX L]
Y8 NKERXXXXNRANNNNEXRY

+50 ARAKARKARAXARXNEAX X L)
452 0 NANKNNREANAXENXAX i AN 4 xRk
£54% AN NXIEXKENNRARXXEXAR XEEEY XK KAN
5 TEAXKXANRNRANERXAAY X A KX XXX KA K
458 ARANRNNNXEE XAXAXX XxM xX WXL XX 2L &

$80  RANIRLAAKEAXEAAAREXX XX

442 ANEAKNAMANERXNRXXAXXX LS T S X
Abd AX AXRAXXARK a

bbb XX X AXXAEXEXKX ] oA

b8 KX X AAAXAEXEXAX X rx

470 X A AXAKAXAXKE Xa X

472 X X AANAREANTAN XXX mXXX

&T4 X KEZAXRNNK A AXXXX KK XX X B
&T4s X x AXRRTXENNN Kx XX ERIXKKXK X %
&T8 A KEXRKKXKLL K XXXKAARKEREXXKEK
00 XX RNEKLAL ¥ X XXNXANKR £33

SELECT TWAGES OPTEON FRAEGH

STaTUs EMUNIT THRESH SYMBOL ALLCLg
[ AL TIN ] SUBSET BORDER [XS10E ILLTIRS
>INQUIT
THE Or1108 1RAGES REQUIRED 2.117% SECONDS OF CPFU TIME,

ENTER 4STEP OPTION OR TTRE A BLANK ’ The QUIT aption returns control to the oparating
»eyutt system. The input GFIN terminates the input stream Begqun
by the GRUR input.

avlr oFTInK

At the termination of an execution the total CPU time
The OPTIONS IM THIS RuN REQU[RED 53+2140 SECONDS OF CPU tgMmE. required by ail the options in the run is printed.

Rl L T Tt P AP
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EXAMPLE ASTEP RUN 2
TE%BS&
ERTER USERID-PASSWORD:

*IE - TRSY USEPIDM-PASSWORD EWTRY
SUNIVAC 1100 OPERATIMG SYSTEM VER, 31.1359.206ERCRSI)e
LIFUM AGTRAL +1430T-R0ES-C TRH-TE0S3S

DATE : D42274 TIME: 1490412
SHUCE AL TRH=T3I2T10#TRLIDAT .
FERDY

SPATGAAE AL

FERTY

SPCOPY <R AL -TPFE.
FLUPPLIE NNZE-N4.-27-13304

1 HEBZ
,DFPEE A. In Example 2, 8 block of 12 channel data contained in
FERDY the LARSCE flight lime is ciassified i ikeli-
SUTF RTTEFT.sTFF1. e 5CE flight 1im s.c assified using the mazl'mm likeli
FERTY hood classification algorithm (MAXLIK). The data is then
ng;E boTRUTEORSSSLAREEL - reduced to 4 thannels by the feature selection algorithm
SARIE Y L and again classified by MAXLTK. The LARSCI file is assigned
ﬁ%ﬁ?; EN to unit 7. Otnher temporary files required by the opticns
PEADY i in the run are assigned.
WBHIGST 1 ,F
NPASEST 1AL AF
ALEOFITHM TIMULATION TEST AND  EYALURTICOHN FPOGRAM
ASTEP YEPTIOM RFR S 11374
FHOOSE FFIHT CONTROL FOR PUM A3
FCHD HOETHD
TJECHO
et amesawrRSmmeEmtoAEsAmmE~-rommm-taTm-msTaTEnstomsscmE-me
ENTES aGTEP OATION Dr Typg A BLaNK The EDTSIG option §s called to open up two temporary
YEOTSIG files (i.e., files 1 and 2) which are to te used later in
the run for the storage of vartous signature information.
EDT516 Tiaw This is accomplished by calling EDTSLG and using BEGFIL

to begin a file.

CHUDSE EnTSla OsT10W FROW
BEGFIL  5AvS15 AMEDRSIG #RTSIG
L1SFtL  4DDS1c El1aSlg PATSIG
Aavit

»nEEFIL

BEGFIL Dp710M HAS BEEN S ECTED,

Cw0DSE FILE NUWBER FROM 1 2
ri

CHEISE EnTSIS OPTIOY FROw
BEGFIL SAvSIG6 REpSIa weTSis
L15F1L ADDS16  E1aSlg RATSIG
auiT

»REGFIL

BEGFIL OaTIDY WS SEEN SELECTED.

CHODSE FILE NJMZER FRADM | 2
2

¢HODSE EptsiG DPTION FROu

BEGFTL SAVSEG SEDSIE  ARTSIG
L15F1, sDDS1a EIGSIg TSl

FRIRS
guil
Quly DpT10Y MAS BEEN SFLECTED.
tWE DeTion EDTSIG REQUIRED L0898 sccoNDS OF Cpy TINE.

Y L e P L L Ll b L L LD et
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ERTEN 4STEP OPTION ON Tysp A BLawx I

The DATDEF option 1s called to define and extract four
PDATOEF

blocks of data from the LARSC] flight lire. These four
blocks (or subflelds) are to be used as training fields to
compute statistics for corn, pasture, wheat, and soybeans.

OaTOEF  peTiay

SINDATOD  WFIELDy ITPFRT, Tew0y 4, By %v |pEycE
> sSINUATD nFlELu-h.ITPFnr-I.iTvNu.l.n-l,Z.J-n.s.i.),l,!,]u,ll.lz
PR LFLL I T ]

> SEND
NFIELD 9 11eFMT  § 1TAND ) & 2c5an 8 =le¢n 10EVEE O
CHANNELG SELECTEDs | ¥ 3 % 5 & 7 & % 10 || 42
TYME YES 1F INPUTS aRE ok
(114 ]

SINFLAD JSTART, ISKI», I1NE, JSTART ,uselpediye
Iweut | FICLD DATA
> RINFLOD ISTARTweOU ) I1HCaU ST AinTol0 s JINC=ZyS
IupyT 2 r1ELD pate
> OMINFLOY JSYART®&UD, LTHC»ZD ) JSTARTRBUS JINCR=2US
InmpyT 2 rlELDd paTa
> NINFLGO ISTART=ABE . | [NCEUsIBTANTR LU L JINCw2EY
IneyT 8 plELp paTa
* SIMELLD [START 650 | InCw20 05T A~ TaE0 dINEL"2US

FIELD 1S7AST I5el® 11NL 4GTAQT ,x¢ie FLETS
1 &08 a Fi:] 11 a ¥p
2 400 o 20 57 g 20
k] 458 0 1 19 ] 20
* 455 ] 20 50 0 in
TymE ¢ES [F [9pyT5 amE gy
*IES
THE QoTjoN OATHEF ®EQUIRED 112620 Spronds OF cay Tiuta

ENTER ASTEP OPTION v FYPL & BLaw | The TRNALD option classifies each field by field numer

ATRNFLD :
and writes the information on the image file,
TRNFLD  0BT1ay
"EESrsausunEgy
FlELD CLASS Syunay e[ AELS
1 1 [ LT
2 2 ] LLT]
] ] < 44
4 * o 4]
THE 0eTyaN TRyFLD RFQUIRED #1716 SecONDS OF Cpy THME,
Eh7ER ASTEP OPTION QW Tver 4 BLaux } The FACTOR option 15 called to compute 4nd save the
*FALToR

signatures {1.e., the mean vectors and covariances matrices)
of the four training fields. The signatures of fields of
FArTps rpreTlay :
.. RLELLLLETS classes A, B, C, and D are saved on unit 1 under the names
of CORN, PAST, WHEAT, and SOY respectively.

INRUT cv4B0LS FOR CLaSSEs,
>4

Trr€ yES T2 PAINT 5TaTIsT cs Fag CLASE &

»res
ractOa ayaLysls FoR & N
CHDOSE TYITEAL sTafisTics Fram IERD O FI(Ee DR QUIT,
rEa0
ZERD HAS REEN CMOSEN,
MEAN 1ar 1}
1 2 3 L] ] [
1 aq, 774 TR I8 59,785 010y B].%55 Bg,Ba®
7 ] s 12 1L 12
1 1,432 75,7494 1,277 T1rd%g [ FELETY Ta, 48|
§1GMas L BY |32
1 H 1 4 5 6
! 2,820 24819] Le?7n LT ERY-LF 2+540
7 8 v 10 1" 12
1 1,84 Je351 2,678 FELTY) Taly® 44611
CAOYMAT 17 8v iz
1 2 3 4 5 &
! 4,849 « 77 » 7584 sddy 779
2 5,318 B.017 «h3}3 wTHy S LF]
3 l.507 3 3133 b3y Iy
L] 1.120 Jualy 1.%47 3eDl4py NTY]
5 8,292 d4n73 4,048 Jeb9g LPRITY
L3 4,501 Se24% 2,788 Ivl2a balzy
? 3072 3.379 2125 2293 3.k
' 5.57% s.370 3,477 4r03p LI
e 4.289 S+171 ZaTp? FERL S 5.04%
to 4,57 S.054 3,130 349 6,%¢n
bl «2,280 =M,47] «.0n5 =335 B TL)
1 2,802 ~3.287 ~1.35m P a1eVys




M » ] 1o 11 12

1 phdu b vE Wby +58% ~sl22 - 237
2 by . 732 1:-F] 802 -.22) - 2s?
3 +895 e8] +573 1 -s044 - 170
[l 706 758 JTue ‘878 -y -s310
5 +64l 735 b2 L1 Y] =elyi EYSL] ]
1 272 783 W858 s73g »0ng Oké
7 LPLL R #7186 11 aTey «032 - 002
] %.032 P.a0s By +8) ~sips ~ctdb
L4 L IR e 733 7,171 784 -a347 asdb?
[ 4,10 Y525 6,332 Badng melles 108
LRt 43 -4:578 ~t.017 -2:0 80.+%,3 AL
12 ~.01¥ EETE 114 -%,372 ~le404 23,007 204340
LLEY 12 BY
H H ) 4
t 59,211 2804 #8504 Bpr22p
] 44,230 sd22 2y [YEELT]
3 8,508 «04l N7 84.089
q [ 31 015 Wtz 851 |5g
* 248y sO1e LTS Pieav
[] 1a802 L F R $ 984 B3sB7n
? 1,38% «010 T Shobas
] 14302 w00t N3] Pretsv
. 14180 «0Q"Y Ll F] *oeTin
o 11 bo? RIT] [T
bl V011 004 ALY Ane2e)
17 481 T 1+000 87edan
ELGENY 12 8% 17
1 z k] s .
i -y 138 278 «al55 344 AT 842
2 -s178 v288 -s022 v317 =779 -eD27
3 ~,07h AL L] Q74 153 v257 a31*
Ll 4118 +180 ~.007 +0ay LERE -1 111
5 s 14D 3e? =102 s42g e 17 -sBR7
[ =072 =34y L rDug ~elyl 1?8
7 =o0b] .221 “0k8 -*1ps =083 283
8 -y 1%k 1T 7S 282 N «ni0l
¥ s 207 123° .085 ~e3%8 = ly® 17
1o -s 143 <338 LT -+52n 1257 2104
i 780 ot 444 ~s154 074 .00
1z 38 %13 By 228 0us +0832
? [ # 10 11 12
O
1 -s170 ) f013 LFL) ~xly# -sn07
H -, 102 41 a2 ET D9z -.p2?
k] azv wa A0 « %0 «Ta5 =.3pn8 2298
" 221 “ylB0 « 02y 07y o751 +525
s £187 0% -, 3032 +025 ¥ “a 182
. W153 =sBR] 289 e #03 LT 2213
T «510 2200 161 188 st Y
[] ~u 743 - 254 NIy 124 w2yt -y 248
¢ 2070 -+308 =i l8e +004 «08?
[¥:] « |89 +537 W37 ~¥303 =oOyw T}
L =aD2% a0ZM =054 -0aw 0qu a7
iz s D58 D58 =,084 L} ] + 045 LF 1Y
TypE y£5 TO Shyr SIGNYAT y3F
3yES
CHOOSE fLE NUMRER Fo04 | 2
»1

TupyuT wayE TO 3AvE 24T gupER

*IORN

S[GYATJRE ¢DRY  HAS uEEY SayEn 4N ynyT

CoRy M) * 12 k™ $ 2 3 4% 5 & Y a % AD ) 1
NuMily = 441

tweyT SYwBOLS FQY CLASSES,

*p

TYPFE YEG TD °%]+T STATIST(CS FOQ CLASg

*Ng

FArTOR aysL¥S51S FOR 3

CHONSE INITIAL sTATISTles FROM ZERD Ow FILEs DR QUIT,
*3e00

IERD qéS AEEN CHOSEN.

Type vES TN SAUE SIGNATuURE

*YES

CHOBSE FyLE YUSRER FRIN | 2
*

INPIT wayE TD SAVE paTA npFa

apasT
SIGNATURE pAST HAS REEN SAyEp mw ynT 3
PasT N3 12 g " I 2 3 %°6 & 7 a %19 | (2

NuMtly)y = 441

INRUT Sy4aDLS FOR {LASSES,

49

TypE vES TO PRIuT STATIST|C5 FOe CLASE ¢
NG

FALTDR nyn_ Y515 FOR ¢

CHODSE TWITIAL STATISTIcs FROM 7ERD Of FI Er» QR Qu|T.
»IERD

ZERD W45 BFEN FHOSEN.

Fyef yES T3 SAyE SIGNATYRE

*YES

CHEISE FLE NyugkR FROK | 2
*

INPJT uawE TO sAVE DATA gnptr
IWHEAT
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NAT Rg WHEAT Wig BECW SAyED pM uM1T 1
e ! 2 3 % 5 47

MTOLEECTELIET I 1 » T ID 41 12
NURill = L1}
INpUT SYnnDLS FOR CLAINES,
1]
TypE yES TO SRENT STATIST ¢S FOR £ %83 D
e sis FOR o
tOR ANA H

::gn!= INI*}‘L sTATISTIcS FRON ZERO On FILEs OR QUT.
»>2ER0
ZERD HAS AEEN CHD3EN.
TYrE vES t0 SAVE SIGMATUAE

*YES
CHDOSE F1LE NUMBEN FRONMN | 2
"

INPUT uAME TO SAYE DATA uwDER

> Y

Teubtyng 50V HAS BEEW SayEDp aN uNIT 1
:o: wp * 12 0 " 1 2 « 5 & 7 m %10 171 12
NuMil) = 4

1
INpyT SYNADLS FOR CLASSES
Hal Lgavl FACTOR *

THE pet1oN FACTOR RESULIRED Bybl3b 5pCONDS GF CpU TIME.

P T LT L Ly T T P P P L LR L P T EL R S P

ENTER 4STE® OFTION OR Tyrr A BlLawnx

I The GATDEF option 1s called again to define and extract

*DATDEF
BATOEF  OpTION
snsligugynuifipy

$40a10 LATT-PENE LAl SRS LA TRFPELY K, |DgVCE

s WINLATU NFLELD=l o LTRPHsaL e b TRruml b hu 1 2,304,506 T e8P d0v kol

4E2%% a0, A=) &
)NFIELD I ITeEMT L grann b 4 285:0 B =1+q IBEVCE O
H

eMANNELg SELECTEDY 1 2 D s & 7 & ¥ 10 4y 12
TrrE vES IF InpuTS aRE oK
»
s}ﬁiLag EsTART ISkl m  TUNG, USTART ysximedine
IELFL L FIELD DATA
> slNFLOD lenxTuahu|LSan-l-lth.EU.JSIlR1-Iu-JbKIPI|DJINEIBOI
FIELD 1STamT I[5kIP 11ME g4TAaT Jsklp ylNg
1 90 l 80 10 1 T

TYyPE yES 1F INPUTS a®E op
*YES
THE omYppd DATDEF REGulRED wetlgé SpcONDS OF cpy TINES

P T L L L LT et LI L L LT

ENTER ASTEP DPTIDN DR TyBp & BLauk

o

the test fietd from the LARSCY flight 1ine. The test fietd
contains the training fields defined previously (see Figure
6.2 on page 6-3),

The LNITS option 15 called to see the nominal unit num
bers for the files used by ASTER.

*UNITS l
JNiTE BeTiay
LY LY T

$av MUy
N 2 +s w12, 1]
SERD
SiNuNIT
TAGUNT  » ¥
DATUNY = -
DRSUNT = .7
181G6F) L] *]
IS16F2 = LY
Luisry L] +10
lHI5F2 = 1
TR ] L] +0
ImG2 L] +0
URS) . 33
FEND
CHODSE DPYION FROM

[ 4% 4 CHANGE  QUTIT
*Quilt

TME omtioM uNjiTS REQUINED «0278 grcONDS OF cpu TIMEs

RE et iAmECe e LAN AT ARAE AL A a AR AR A s R A

ENTER aSTER OPTION DA TyRp R BpLank
PHAXLIK

MANLIK DATInW

CHODSE waxLlx OPTION FRom
REDS1G  eROCSS QT INe31G
PREDSIG

CHOGSE Fi E MUuBER FrOM L oR

. T o cHODSE 0 tO RUlY,
r

6-26

The MAXLIK option is called to classify the test field
using the signatures of the four training fields previausly
saved by the FACTOR option. First the sigratures are retrieved
by using the REOSIG suboption.



TupyT ybs To PRINT $1aNATYRES RETRIEVED Fyn4 FILE 1

LT

LIBT NAMES ¥DR S[GMATURES,
>0/

CORN Np = 12 K" 1 ) *
NyMij) = L)

*past

Pagy Ny " T K™ | S T
MUMil} = LLE|

*ENERT

#MERT Np " 12 k= 2 3 M
Wymill = 44g

»s0Y

50¥ Np & 1T KT 1 2 1 4
NUM(E)L = 4d]

*NOwORE

CHDOSE FILE YumaER Feon 1
*a

a®

5 & ? &8
5 &4 T B
5 & 7 M
5 & 7 @

? pe ¢HoOSE A TD

4 SI5NaTuRES WAVE WEEN RETRIEVED
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The IMAGES option is called to display the results of
the maximum 1ikelihood ¢lassification of the 12 channel test
field data. The THRESH suboption is catled to set the thresh-
old to a large number so that na pixels will be eliminated
from the image.

Dy
*04

The SYMEOL suboption is called to change the image symbols

from A, B, €, I te C, P, W, S corresponding to corn, pasture,
wheat and soybeans respectively.

The STATUS suboption 1s called teo display the current

values of the class symbols, image symbols, etc.
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The ALLCLS suboption 15 called to display the fmage of
411 classes. The BOROER and [NSIDE suboptions are called to
cshow tha boundary and faterior pixels of each class 1n the
fmage.
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The FEATSL optian is executed to compute the transfor-
mations necessary to reduce the test field data from 12
channels to a smaller nurber of channels while still main-
taining & high degree of data class separaticn.
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loss of class separztion in the data, The separability-to-
be-gained map 15 displayed. The data transformation matrix
{BMATH2} is compyted and saved on unit 2. The signatures of
the training fields are transformed with BMATX2 and savad on
unft 2 as $1G1, 5042, SIG3, and S51@.
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Tinear combinations of the original twelve channals which
witl result in a minirum loss of class separation in the data.
The separability-to-be-gainad map 1s displayed. The data
transformation matrin {BMATX1) is computed and saved on unit
2. The signatures of the training fields are transformed with
BMATX] and seved on unit 2 as TSIG), TS1G2, TSIG3, and TSIGA,
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2 000 +00a 2080 « 009 «0na 1000
] 000 -0e0 «0n0 +0Dp 10n0 +000
L +000 ~00p 2000 009 «0p0 «00D
5 2000 000 000 -1.1'% +0po 000
[ 000 008 »500 «00g +0pa Q00
? +000 «008 »000 LT +020 «200
L] §.900 o00 -ann +«00a + Dot +000
L] £000 =004 L000 1000 +0n0 2000
1] «000 =000 «0on vObn +dan 2000
1 000 000 +0n1 «00p +0n0 000
12 « 000 1000 .00 snon +dp0 +000
¥ ] 9 Lo 11 ¥4
1 .11 »o08 L +00n «Onp «00p
H 802 X113 +D08 »0ap +doo » D00
3 +000 000 800 I LE +OpB +000
* +000 v000 038 «DAp «0a0 +0a0
H +000 ~080 FCEL «DAg on0 «000
] +a00 +000 «0ap +000 10pt +pnn
7 300 +090 <000 +00a »0po +000
L] 000 + 000 « 000 009 vpD »000
L] L] 11! LT «0ag +0pa «000
1] »000 090 000 +D0p +0n0 +000
L +000 «000 oon +00D +ban -1
12 «0R0 »000 000 «0fg +0p0 «000
PupuOgE

CHOOSE FILE YUMMER FYOM | GR 2 am ¢WpOSE 8 TO QUlr.
»0

I SIGYaTuMES WAYVE pEEW RETRIEYED
WRITE IT8R AORDS ON yNIT 20
WAITE X704 gORDS ON UNET 20
ARITE yimd #0%58 ON UNIT 30

THE ORT1ON TRNSFM REQUIAED E.2048 SpeONDS OF Cpy TIuE.
et A e T L TS P

ENTER uSTEp Dotiaw 08 Trre 4 BLawg The UNITS option is executed to cycle the image unit

>uNITs number. The 1mage generated by MAXLIK for the twalve channel
data currently resides on unit 3.
Ygrts  nfriew
SsaBAp maanagy
shvINgN
" . +3y 12, .
SEND
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The CYCLE suboption cycles the unit number on which the
next fmage generated will be savad to the next available image

IMGUNY  « )
DATUNT = +10
DASUNT = +?
IStGFt = 1
fstgr2 = *2
Inisr] = +10
InisrFg = *11
ICTH . +0
g2 L] «0
oRs1 [ -
lllg
CHODSE opTION FRON

4198 ¢ CHANGE  QugT
FEYCLE
SINUNTT
InguNy o "
CATUNT = 20
QRSUNT = 7
1s16F3 = 1
181GF2 = *2
THISF1 *10
Inisrz » ol
InG) Ld 0
Ing2 L] -9
.11} - +8
SIND

THE oet1D% yNITS REQuINED sOknd SELONDS OF Cmy Tiwks

Dl e L L S, T T YUTay PR 1

EMTER ASYEP DPYION Om TYPL A Apank

Iunit nurker, In this case, unit 12.

The MAXLIX option is called to classify the data trans-

IRANLIX
MAZLIK OmTiay
mevd EgaSgNawn

CHDDSE un:kl SeTIO% FRQu
REDS TG Adcss  QuIT INpS1n

*REDSLG

CN0OSE FILE NUMBER FROM | OP 2 pa ¢MOISE O TG Guly,
»2

IwpuT yEg TD pRINT S1GNLTYRES RETA[EVED FrRaM FILE 2
>vrs

LIST NawES FOR S5IGNATRES, ENp LIST altHW NOMDRE.
*S51G1

5161 Hy ® 8 g = 1 2 3 M
Wuwil) = []
WEAN LAY 4
1 1 ) L]
] 75,9448 T8r4m) By, ¥7n ayr277
covaer 4« BY 4
1 Z 3 [}
[} ?,.308 =3e249 S.57% [TRS¥
z =1.249 20348 -2.B03 “un372
3 3.57% =2s822 b,Baa q.289
L] 4,732 =9:372 %, 289 7T
*S1E2
5162 Np = H KW ] 2 3 M
Numi gy = 4
HEAN I AT w4
1 2z 3 4
1 &% 4%g 112+6p% Ta, B9 558y
covaar 4 BY
T S i Y
1 71y ~2al3L3 «273 82
2 “~2e31) Slata® - by -3e227
3 273 CERTL] 1.70% 377
Y a2 ~2:222 377 12917
*5153
5163 NP R 4 K= 1 2 1 4
Nudiy) - 4
MELN Par oy
] 4 i L]
] 11,740 T5.0492 80,740 954023
rO¥mat 4 oBY u
3 ? 3 4
] 109,798 B3.2%) S PRLE] T2.278
H $3,261 4t.28p .37 LEEY T'Y]
3 154483 ta370 Tey
4 TTa324 43.042 LF 433 H]
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formed hy BMATKZ. The transformed signatures SIGL, SIG2, 5163,
and 5164 are retrieved by the REDSIG subaption. The resulting
image data is written on IMBUNT (1.e., unit 12).



LA YL

f14n Wp = %
NUMLL) = 4
1
| s?,120
1
1 8,548
H 274
H 14197
L] 3.728
PNDNORE

LHOOSE Fi T NU4BER FAON 1 OR

»0

ke

MEAN
2

T 20)

covuar
H

TeThy
17

ey?
14702

", e

4 BY
3

L.197
N2y
2,147
W 752

LETRS }H

*

L334 1)
1+%03
PE3
%277

4 SIGNATURES wavE SEEN RETRIEVED

CHOOSE MadLIxk OFTION FRON
REDSIG pROCSS  QuiT

YAROLSS

1
1 T 88
2 LETLLL
3 e, 143
* 44,285

CLASS SrsmEQL

1

[

B
<
b

1C 018
2

T8.p0%
51317
85,883
367501

s12¢
245
454
313
wo2

CHODSE maxLIx ORTION FRow

REDSIG

*Rutl
THE ORTON MAXL1% NEQUIRED

sROCYS  Quit

INgSIg

4 Y w

1 L]

189,62 I7+31%
1349,2177 334389

10. 07 Tas¥7g
2h2 k45 Y79

INeSEg

2 pr ¢WOOSE 0 T0 Uiy,

S.1793 spcowby OF cpu TINE.

N LR L e T L P LY L ey

ENTER ASTE® OPTION QR Tyt & BLANK

The IMAGES option 1§ used to display the results of the

¥ INAGES maximum }keliheod classification of the best four channels of
data. Agafn the [NSIDE and BORDER subepiions of the IMAGES
IMAGES ORTIow option are executed.
resSasgulalagy
SELECT [wagES ORTION FROW
3TATYS THyNtT THRE§H SyHalL ALLCLS
EcmcLe SuBSEY SIMDER INS]0F IMRUIT
*THRESY
BIMTHRE  THRyALeNINBIgaTPIELD
? SINTHRE THRYAL=2000. 3
NIMTHRE
THRVAL « 20000000k %gN
MINPID - *1
1F1ELD = «0s +0, *0s *0y
+0 -0, 0 0
L3- 1 +a
SEND
TYPE ¥ES iF 1%PUTS ARE CORRELT.
bRl 3]
SELEGT 1mAGES DPTIQN FRON
STatTys FMUNIT THRESHA symsy ALLCLF
ECHELS SuBSEY BBRBER 194%10E LM
PEYABOL
Tepl Fug STRING OF 9 [waGE SyunoyS pES]oeDs
4.1 3]
CLASS SywBDL ABCH
IMAGE STWROL  CPAS
TYPE vES 1F INpyTs ARE CORRFCTs
YES
SELECT 1wagES OpTIgN FRDy
5Tafys §MUNET THRESH sympdL ALLCLS
EgueLs SypsEY BORDER INS1DE Ingui?
*STATys
imunly THRuAL Auplx irlELn
12 2000.0 1 & oo 0 g0 0 ¢ 0
CLASS LLASS 1MAGE NymaER
NUMBER SYNBOL SyMeOL oF FIMELY
I L] [4 LI
2 B » 45 b
3 [4 [] FIY
L] ] ] L1}
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SELECY 1MAGES OPTIGN FRON

Srevys IMUNLT THAESH Tyupldy ALLCLS
| TN | SuBsET BAADER FLE1E-1 1ugueY
pALLELS

twagt For FiELD !

LIEI 32222030 unynuEsSanasbiy? 7788000
o2ualnZNEdnInad a2 eBavisnIvbnddasioluslip

#0D CLCCCCECLCLCCELCCCSPPRPRRpp
402 CCCECCLLCCCELCCCECCPPPrpopRPruPPRRpPRpRap
0w  CCECCCLECCCCCCLCENCPPAPasmpprpPRraprprpip
D% cCCCCrccfCtfoetoletr 'IPPFF'P"’PP’PP"’
[N 44444144441 444144 1]
“lo c::t::c:t:c::ccc:s:Per-ppanplllppPPP!!F
417 CTCCCCCCCCCCCCCLECLPPRPRRPRPRp PR P rRpRPP
bla CCCCCCLECCLILCCLCICPPRPRPPRpRpFPFRFFFFRrn
kip ECCCCCCCCCCCCCCELnaCHRPRuprprpPpPEppPEPrPp
#13 CCCCCCCCCECCCCECCECPRAPPRppRppprp
410 feccccegCeCcicCrerdmman PRPPRPRRRPPRP
822 CCCCCCCECCCCECCCECCPPRPrRapRPRpRPEERPRREppp
Aiw CCCCCECCCCCCCCECLLSCPPPuppp
#28  CCCCOCCCCCLCCCCEECSPprrapppprafipp
#28 CCCCCCCCLCCCCCECCCIPPPPapPRPPPplprnprpp
430 CCCCCCCCLCCCLCECCLSPPPPREPPPEPPPPRREPPRNL
437 ceccccoceciceccecciepmanp
434 cooetLecCiclecCecclrppPp
636 CCOCCCLCCCTCECCCECLARPRnpp
(LI BEEA 44 14dd 4444444444 10 0]
44 CCCE!CCCCCCCctEc:cCFl!’!!PFDPPPCCCCF(CCIC
W47 ecCcCCeeCCLCCECeccScoPrrpppprpausIcCCnss
448  CECICCCRCCCECTRCCcErPPPrmpCCciiPpmlcRtln
B0 ANANAASANAT RN an(SSESE55883F3855553955
408 Awamk WA RER WSS EEESSESS9LE5555CE
50 wawan ANNroRaNyn355555555%555855553888
652 MANKEEENAANRR ARy N3553450595555883553558
ARN FNANNRENRNN NS SIS s RS SS5585N55SS
56 FONNRANRUNE AN AN 5558999835558 N5885S
5B A NNAA AN AN RN R5553558595555955555855
G0 ANKNANPNANT R N U AN AGS5E5555535858555553S
bh]  pENANNRN AR RN AR r350555555555555555555
BEY  EENANNNAKANNNRN g #SS5095555558558855485
Ehd  ANNUANUBANNE SR IR N AN NS55EESEE533555858Y55S
AR ENNWNANNAURR By SESGRSEEEEIES5E5L58YS
ATD  ANNNR RN AN NN AR NNS5ESES585855555585455
72 NANANANAN IR B RN N H5E555855855555855855555%
8T aMNAE R RA NN RN NN N555558853555555988555
LTS ENNANENARAN e AN e wA3555S5EE5E5FE58555558
T8 ARNANB AR AN R R NS5 555338 53555555555
40 anNaw WEEA NN AR B555555588533855858555

FPRREPRPPE

SELECT [waGES OFYloy #wpw

STATUS INUNIT THRESH SyMpdL RLLECLS
ECACLs SyaSET BORDER [NSIDE IETCIR
»INSIDE

IMAGEE ra® A L CLASSES FOR FIELD | 41 TR gwlY IMSIOE RrRELg PRINTED

11111 222223333349 4946555840465 777 77888087
7440024880 24408)744RO24480Z46P 2948024680

PPPRPRRRPRPFFRRRPRRPRP
PPRPPPAEPPPFRERPRR PP
PRPRPPPPRRRPRRRRRRRPPP
EFPApRPRAPPPRPRPRRRPP
PRRPoPPPPRRFFRpRERRRER
FPERRRRRERPIRpPPERRpp
PRREEPRPREPPRppRpRerR
PRPRRpRPRpPRppRREpRRp

PRRRERPRPPRREpRpRpPS
PRPPRpPEPRPRRpaPRpRRp

&0 Coegeccoectooocet
a0r gfegccCcecCooectee
b0« {CCCCECCCCCLECEL
474 CCLCECECCCCCLLCCE
s0p CLCCLCCLCECEECETEL
1449441143444 14
blz  cCECLECLELCLECECC
&l CCCECCLTCCCOLCCE
6ls CCCCCCEECLCCgCLC
ale cpoLglfoclcfoccece

423 CcLeQCCLCCCCCELELSy PPPPRAPPPAPPRPPPRRRFP
%22 CCCCECLCECCCCCCECC PMPPRRRPRapleppppppapp
624 CCCECCCCCCECCCCEE PEPRRRRPAPARORRRARPR
424 CCCCCCCCCCCECCCCE  PRRPPRRrpPpPPrprpps

4Zp grccltoceccocccer PPEpAPRPRpPPERRRPRE

4Jg  CCCCCCCCCCECLELLL  PPRpRRpepRprpappanp
633 ctccfcCccCCcCoocery PRpRpREPRfRpppRp
4Ju  CICCCCCCCCCCCCLELE PPPRRppsperPipps &
#36 CCCCCCCCCECCECELCE mPPampppppfpp

438 cccecceeceLceccee PRRPRPARSP c
$%0  CCCCCLEECCELLLELCE PPPRPRRBRPp ¢
Che BN {4444444 44414444 FRpRE <
a4y

[N H
90 aaNERNRENENANNR NN 555553558555558155

B850 NNRENAXNNNRANAAduNy
A57 RN RRARNN RN ANRAN
G548 NN NNNARKRAA ANy
LY Ty L Y LT

£5¥5555555555955555 §
£55553555855558555555
5555855958 55555555555
555553555555553553455

458  WANANNPNNNRYENNNkxg S55TESE555555555558%5
440 aanANNaNNAdRRRp RN AN SS555558555855558858
BE7 ENFWNARRNAAMNANNANEN  SEES5555553395535895y
[LLE VT MegoaNaNsn  SE55SESS555855585853%
bhh ENNRANKAEAA AN R 5355555555555 858853
BED NANAENRANNANP AR aa, 5535535558 55558585555
870 WeNKNRANENNNAUNNKAnA  F55555558555558585S5
W7z SexNNNARRNARAANANN  SSFE3S53FSSTFE5T5ESES
BT aspeNARANRRAKRAaAge  555555555355553555%5
478 NARARAAUNANNDUNANNNY  SE355585SISSNCETENSE
aT8 whln PHMCRRNEaNk  SSSSESSSSIESEESaSNES
400 quNMRRNese Ry SSSSESEESSESSAENISYIS
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stLECT TmagEd ORTion Frow
3TaTUY TmuNIY THAL$H TYMalL ALLCLS

ECHELS SupsLT BERDEN INSIDE IneulT
suaRdEN

IMAGE Fol aLl CLASHE® FpR FIELD | W[TH OyLY BORDER poXp 9 PAENTED

1110272220330 90 nShbasuabny 777788
OrsebOIesiDINAIp2adiDReBoRaARDZNes02YaRpD

«0p car

[1}] 444

(1.1 4 144

(11 444

(11} 314

&lg 4 144

#la (444

(3] [4 144

bla caace

sle (144

(T3] cr

atz 44

24 (414

e (41 "
iz 1 P
630 131 (1
437 CSCe FCCC
434 (1] L4
[$T% (4.4 eppLRCP)
(21} 414 PRCERPC CC
(30} 4 rLCCCPC O
[RF csce PRRPANSSCE CASS

449 CCRCCCCCCOCELCCCEPPrrmeplClcCCmPpPECSCly
S8 NNNNTIANRRAA NN HC55S55555955355555 558

(L)} L1 141
830 as H
852 (L]

654 w5

a54 Ws

458 "y

sép 5

LT L3

[LL] I'TS

LYY '

LY} ns

«70 a5

arz s

a1y [ T3

ere "s

675 L]

[1L1:] oy

SELECT pmAGES DRTION FROw

SThTYS IMuN1Y THRESH SymglL ALLELS
Eeuees sugsET BORDER INS1DE 1HaulT
ISET-TIR
THE ORTION PHAGES REQUIRED 2+BJ26 SErONDS OF Cpu TIMES
ey S S ey S,
ENTER WSTEp 0ATION 00 TyeE & mLang In order to compare the images generated by MAXLIK for
BuN]TE the twelve and four channel data, 1t 15 vequired to use the
BIFIMG option. However, it is fivst necessary to cycle the
NITS IPTIaN image untt numbers.

AesiBEaEvREEgw

shvingN
N - 3 .12, ¥
SENT
SIHNT
Tugunt = 12
DATNT » +320
DESUNT = -7
IsI5F) - +]
Is1GFz = +2
LHIEF) = .10
IHi5F2 & 37
Ingl - 0
JETE - ]
a1 - “8
SEND
CHODEE net
:vcsrn Eﬂ:uEED"eunr The CYCLE suboption is called to cycle the unit number
:5:3:5‘ on which the neat image generated will be saved to the next
INGUNT u . lavaﬂame image unit number. [n this case, unit 9,
DATINT = T
DBSUNT L] *7
IST5F) = .1
[516Fz = -2
INISF] « +10
InisFz = *y1
HET 3] L +)
tug? . 1z
11§ L] -8
SEND
THE oeTlan yNITs  REgUIRED 20794 SECONDS OF cpy TIwE,
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ENTER ASTEF OFTLION 08 TYPE A BLANWK
uIFlug

DIFluc  OPTInwN
e

INPUT [R4]VALENCE LISTS
aa

e

e

»80

»

CLASS
]
2 L} 27

sywmliL  512g
[} 0

Jdifference between the imdges on units 3 and 12,

c 1a54

Tha O1FIMG option s called to generate an image of the
A compari-
son of the previpus images indicates that subset A in the
first 1mage 1s the same as subset A in the second image

etc. This information {5 input to DIFIMG through the eguiva-
Tence T1sts.

It 15 noted that 27 pixels are different between the
images and 1654 pixeis are the same.

3
CohsS & anL TWoSE pizELs or TwagE 1 THAT sk NOT In Twr Iweyt EQuiyaLENCE (IS8T
t ass g ANE TADSE RINELS OF I1MAGE | DIFFEREMT #R04 tyaaE 7
LR85 ¢ ANE THOSE PIXELE THE S&Mf IN IWAGES | AND 2

THE OpTION OLFIWG REQUIRED

«S$270 SECONDS OF Cpu TInCa

[ L L LY T T T P T R P PR TR L T S i

ENTER ASTER OPTION DR TYFE & BLANK

2[HAGES

[%AGES OPTION

SELEET 1uAGES OFTION FROW

ALLELS
Tuguil

0, +0
+0, 0
“0

ALLCLS
1Mgult

STATyYS ImuUNIT THREZH SyMalL
EgatLs supseT BORDER IN513E
TPTHRESH
PNt HR THRVAL i MINRT LR EFTELD
3 SINTHRE trRvAL=| %
BiMNtHRE
tTHAVAL » »lo0Ggoo0E+DY
MIHRLE +]
Iri€Ep @ 0y
+0
+0y
L] 4 }-]
TYpE yES 1F INPUTS ARE cDRAECT:
PTES
SELECT twAGES CPTION FROy
STaTys [MUNIT THRESH SyMyiL
ELugLs SUBSET BORDER INSPPE
*ayuBOL
typ€ THE 5PAING OF 3 [WAGE SrwanlLs DESIaEDe

*1n
CLASS SymbOL (1.4
IHAGE Syabol 10
TyPE yE€5 IF INpyTS &RE CORRECT4

rYES
SELECT 1mngES 0ATIou FRbOR
STATRS FwuNIT THRESH Symp3L
EcHELS syssSEr gaADER INSIRE
»STATYS
Lapulr THRY AL LIL] 3% IFlELS
L] 1e) ) ¢ 1 0 3 g
CL4SS CLASS twAGE wuMgER
NUNBER SYMBDL Sy¥AOL OF PlLELS
1 A 1 3
2 a n 27
3 < 165%
SELECT jMegES QPTIOy FRCY
STATUS Tayntr TARESH STYMBIL
AL T SuBSEY SCROHER INS|JE
*ALLLLS

ALLELE
ITHaulT

ALLELS
[squiT
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The IMAGES option s called to display the results of
the DIFIMG optian, The SYMBOL cption {s used to define the
image symbols such that only pixels different between the
images are displayed.

D
*0,
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SELEET pmagES OFTlan FRDy

$TATUS THUNTY THRESH SYMalL ALLELS
[ALT48 | SuBsET BOADER INSIDE QT
IR

THE OmTION [#agES RFQUIRED =8B08 5EzONDS OF epu TIWEs

D D L T Lt TS .

ENTER #5FE, DpTiON QR Topf 2 sLAY,
*TRNSFY

TANSFY  OPTIaw

CHODSE rROM SCALE D% TRANS.
FTRAMS

FINTRYS DATUNT I NEADATA,8
* aINTRuS LATUNTay &

FINTRAS

DATUNT = ]
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L] » +1000Qp00E*g)
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TYrE YES IF INPUTS ARE £ARRECT,
*YES

cuDOSE rIF YUuBER prow 1 QR T e cup@SE 6 Tp Aybt,
»r

IMpyT vEg TO mRINT SI1GNATURES RETRLEVED feoM FILE 2
*TES

LIST WaalS FIR SIGNATURES, END {IST ity NOWOREs
*auatTy)

BuaTN] wp = |2 ¢ = I 2 3 % s & F p 9100 ;1 12
NuMily = ¥

MEAN 1 8Y g2
ALL ZERDIS.

COVMAT LZ gy 12
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The TRNSFM cption 1s called o transform the twelve
channel test field data using the transformation matrix

BMATX1, generated by the SUBSP subppticn of FEATSL.

transformed data are written on unit 20,

Tha
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The UKITS option 1s called to change the image unit
numbers, At this point the image of the MAXLIK classifica-
tion of the twelve channel data is on unit 3, the image of
the four channel classification is on unit 12, and the
difference between the images is on unit 9.

The DIFIMG option assumes that the two images to be
differenced are on units IMG1 and I4G2. The output of DIFIMG
Will be on [MGUNT.

The CHANGE suboption is called to reset the next avafl-
able image unit number to 12.

»CAANGE

AL LER TMguNT +DATYNT,

> afNUNET |
LILNLER
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14LSF2
L1
62
Das|

e Eaw

SEND
TyrE yES IF
>YES
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I[NpUTS Ax
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The BAXLLK opticn is calied to classify the data trans-
formed by BMATX]., The transformed signatures TSIGI, TSIG2,
T5163, and TSIG4 are retrieved by the REDSIG suboption. The
resul ting image is written on IMGUNT (i.e.. unit 1Z2)
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OpSUNT = .7
Is15F] = 1
Is16Fz = +2
LR E0 U | o
I4lSF2 w 11
1M1 s 3
1462 = 12
opsl . .3
SEND

TYRE yES 1F I¥aYTS 3¢

vy
Tdf 2mTPON U¥tTS  REQUIRED

0%40 <prONDS OF epu TIME.
- -

ERTEE PR L Jppi iAoy

The OIFIMG option is called to generate an image of the
ENTER ASTEF DPTION Dh FYPE A BLLNK

S 14T difference between the images on units 3 and 12. The generated
image will be placed on unit 9. A comparison of the images to
IIFIng  BaTlav be differenced indicates the appropriate equivalence lists to
LLL LT LT TP T be input to DIFIMG.

INPYT ERUTVALENCE LISTS
*an
»BB
*C
*ob

>
CLASS  syusOL sizE It is noted that 14 pixels ara different between the

. 0
; ] [} iimages and 1667 pixels are Lhe same,
3 € 1687

CLASS 1 ARE THOSE PIZELS OF IMAGE L FuAT aeE NOT IN THF Inpy¥ EQuIyALENCE LIsT
CLASS p ARE TWOSE PIXELS OF INAGE L DIFFERENT FROM JuacE 2
CUMSS ¢ ARE THOSE PIMELS THE SAME I[N TAGES | AND 32

THWE aeTION J1FIMG REQUIAED +5448 SECONDS OF cpu TInmE,

The IMAGES option is called to display the results of

ENTER ASTER 2PTION On Tymp & BLANE 7
TInkEES the DIFING cption. The 5YMBOL suboption is used to define
image symbois such that only pixels different between the

[MaGES DePTIgN images are displayed,

SELEEY 1migES OPTIaN FROM

STATYS ImuNET THRESH SyYuplpL ALLCLS
ECHELS SUBSET BORDER INSIDE 1RQULT
PTHAESY

SINTHRE  THRYALNINRPEXSIFIELD
* &INTHRE THRVAL#}.u 4

SINTHEE

THRVAL, & «1000D00CE"D)

MINFIg = +]

ifFiELD = *0y “ny -0 *0,
«04 +0, *0y *O
0. 0
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rNp
TeYpE yES IF INPUTS ARE CORNECT.

*YES
SELELY twAGES OPTIDN FRDN
STRT % IENLERS THRESH srHpldyL aLLoLd
YL % | SURSEY PORDER 1481 0E IETTTR)
*5r4boy
fyrl Tue STRING OF 3 |wagE SrupoLS pESiegD.
»1D

CLASS SymBbL LT 14 ,
[HAGE SywpDL 1] .
TyrE€ y25 IFf IMwyTS ARE CORRECTA

>TES
T o
SEL§$I75;ﬂ555l25‘=?I 'RFJQCSH SYma0L ALLCLE
LA LTIN ] SysSET BOADERA LWS | OE rmeurT
»5TAfyS
Tupulr THAYAL apuphy Lo .
* la0 1 O oo @ o o 0 a0 O
CLASS CLASS LuAGE WUMBER
NUHMBER STYHBOL L3 L) 118 of PrifLs
1 [ 1 ]
H B 0 1
3 4 168t
SELECT IWmAGES QMTION FROu
5TaTys IMyNIT THRESH s5yMpdy ALLELS
EcWiLs SUBSET SORDER IETYE-14 LTI
PALLELS

[MhGE F3® FyELD L

L1 1222223333)44a%9555G658080, 777778800889
D244BA24ABD2NEBD2yeB2YabpzNeBd2ZysBnZYetD

[$:1:]

807 n
404 o
408

439

slo

2

414

ala o
BiB D
szn

827

[ X1

[X1Y

sl

s3p

32

414

als ]
838 ]
%D

a4z

a4y [} o o
LYY

alg

450

4837

45y

654

45

(L]

(1Y

(1Y

sbe

kg

879 ]

877

(241 —_
(20 ]

4}

sép

oo

SELECT (44GES OPTI3w FROw
S1s7us 14uNIT THRESH 5yMglL ALLLCLS
EcHELs SuBsSET BORDBER INS|CE [aqull
>IMpUrr
TAL GeTlov IMAGES REQUIRED <9098 SECONDS OF cpy TIMES

AR tSmAr St E i mman LR T LY P

The QUIT option returns control ta the operating
system, The input @FIN terminates tha input stream begun
By the GRUN input.

EMTER s5TEp DpTION 29 TypE & BLEN,
Y

LA EL]

T et na At the termination of an execution, the tatal CPU time
TuE oefiovg tw Tuls mun eEqulern 13545182 SECONDY af cpy TINC. required by al1 options in the run is printed.

tadotatatatat o tatatototatrtatatotatadnbastatatab bopbniatn
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